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EXPLANATION OF THE COLORED PLATE. 



Repeated and inexcusable mistakes have been made in 
Europe in reference to this colored plate of Prof. Holmgren. 
It has been spoken of as if intended to be used to test for 
color-blindness, and has also been so used. But, as he ex- 
pressly states, ft is only intended to illustrate the characteristic 
mistakes of the color-blind, and the colors of the sample 
worsteds to be employed. 

I. The Gbeen Test. 

If the person examined takes any of the confusion-colors (1 
to 5) to put with the green, he proves himself color-blind ; or 
even if he seems to want to put them together. 

II. a. The Pubple Test. ( TJils contains Bed and Violet, ) 

The color-blind puts with it the colors 6 to 7, always a 
deeper color. 

If he puts only purple colors, he is incompletely color-blind. 

If he takes blue or violet, like and 7, or both, either with 
or without purple, he is completely red-blind. 

If lie takes green or gray, like 8 and 9, or one alone, with or 
without purple, he is completely green-blind. 

II. b. The Red Test. {Not necessary to be used. ) 

Here the red-blind puts, with the red, dark green and brown 
(10 and 11), which are much darker than the test. 

The green-blind puts, with the red, lighter green and brown 
than the test. 

The violet-blind matches, with the purple, red, orange, and - 
purple. "^i 
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Thy ahonld we look one cammoQ fslth to find, 
De in evei7 score is color-blind? 
in earth they know not red from green, 
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I HATB dedicated this volume to my friend Professm 
Holmgren, because I consider that to >iim above all 
others do we owe the present and futore control of 
color-blindness on land and sea, by which life and 
property are safer, and the risks of travelling lees. 

To hia Majesty the King of Sweden are due the 
thanks of all for his personal interest in the investiga- 
tion of color-blindness, and his practical good sense in 
immediately putting into execution the plans and pro- 
posals of Professor Holmgren, by which the subject 
was so prominently brought forward as to command the 
attention and example of other nations. It is ear- 
nestly hoped that this country will follow rapid suit. 

Professor Holmgren's book on "Color-Blindness and 
its KelationB to Railroads and the Marine " was pub- 
Ushed in Swedish, in 1877, at Upsaia. Immediately 
after this a French translation was printed, which soon 
called very general attention to his labors and their 
results. An authorized translation into German ap- 
peared last year (1S78). I had agreed with him to 
translate the work into Enghsh, when an abridged trans- 
lation appeared from the Reports of the Smithsonian 
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Institute at Washington. This, of conrse, prevented 
any publisher from being willing to risk a complete 
translation. The very necessary explanatory colored 
plate was not given in the Smithsonian translation. I 
understand that it will be in an extra edition. This 
English translation is. so abridged as to greatly inter- 
fere with its value and its practical use. 

Had, however, I been enabled to reproduce Professor 
Holmgren's book entire, I am afraid it would not have 
accompli shed its purpose so well in this country as in 
Europe, from the general lower tone of scientific knowl- 
edge on the part of those for whom it was especially 
written, and also the lack of just the persons — namely, 
the railroad-surgeons — who could make immediate ap- 
plication of the method for detecting color-blindness, 
and have convinced the authorities of its necessity. 
Aside, also, from the difficulties of publication, I found 
that a simple translation was not likely to be so gener- 
ally read. 

To bring before the community the dangers and the 
prevalence of color-blind nesa, I thought it best to 
prosecute my researches amongst the places of learn- 
ing and teaching. Hence I chose our immediate uni- 
versities, collies, and public schools. Thus, whilst I 
waa pursuing my own individual studies of color-blind- 
ness, 1 was at the same time gathering the necessary sta- 
tistics in proof of the position I took, and disseminating 
a knowledge of the whole subject, very especially the 
important one of its frequency. It is rather curious 
that this volume is only the third monograph in book- 
form on this subject. Professor Wilson of Edinbuj^h 
published in 185.5 a small book, being a collection of 
his several articles on this subject. Yet the literature 
of normal and abnormal chromatic power is pretty ex- 
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teDBive, as may tie seen by the l>ibli(^ap1iy appended 
to this volnme. I first publicly discussed tie subject 
before the Boston Society of Natural' History, March 
7, 1877. An article of mine on the " Dangers from 
Color-Blindness in Railroad Employes and Pilots " was 
printed in the Ninth Annual Report of the Massa- 
chusetts State Boaixi of Health, 1878. April 8, 1878, 
I gave a lecture on color-blindness before the Society 
of Arts of the Institute of Technology in Boston. 
Feb. 23, 1878, I read a paper on the " Incui-abilitj- of 
Congenital Color-Blindness " before the Suffolk District 
Medical Society in Boston, pubhshed io " The Boston 
Medical and Surgical Journal " March 28, 1878. May 
25, 1878, 1 read a x)aper on the " Relative Frequency of 
Color-EUndnesa in Males and Females " at the Suffolk 
District Medical Society, and also at the July meeting 
at Newport of the American Ophthalmological Society ; 
lished, July 26, in " Tlie Boston Medical and Surgi- 
cal Journal." The substance of these papers is in- 
cluded in this volume. I have quoted largely from 
I Professor Wilson's book, not only because it is quite 
• out of print, but also because the cases he relates arc 
I interesting as being iu England, and his deductions are 
truthful and valuable, although much of the theory 
sentfid is now old to science. I have given a good 
' part of Professor Holmgren's book, including what is 
mttal to be known and understood by our railroad 
authorities and the specialists they must employ in 
I carrying out any system of thorough examinations. 
\ The explanations and directions may seem to many 
y unnecessarily minute, and the description too extended ; 

I "but these are especially intended for examiners, whci, 

I I think, when using this test, will thank me for putting 
I them within their easy reach. 



The importance of tMs whole question of color-blind- 
ness I need not insist on here. "The Baihrood Ga- 
zette " of Jan. 24, 1879, after discussing the 740 acci- 
dents by wliich 204 people were ItiDcd and 756 injured, 
says, "What most needs doing now is the improve- 
ment of the men who work the roads, — offleera and 
employes, — though there is still plenty of room for 
prt^eas in the tools with which they work." 

I have not in this volume entered into the loss of 
time and money from color-blindness in the great indus- 
tries where a perfect chromatic sense is needed ; or the 
mortifications, &o., arising irom constant mistakes of 
dress &c., in every- day life, — as all these bear no rela- 
tion to the importance of the danger to life and prop- 
erty on land and sea from this curious visual defect. 
The railroads of England pay two million dollars a 
year for killed and injured travellers. 

I must explain some expressions in my test. I 
always use the term color-bHndness, instead of Dalton- 
ism, as more truthfully representing the defect in gen- 
eral, as Dalton was red-blind ; and also in order not to 
continue to attach this defect to his name. This has 
become pretty universal, except with the French, who, 
having no one word for color-bhndness, still say Dai- 
tonisme for brevity's sake. My speaking of a color- 
blind I would apologize for by saying, were I to liave 
added "person" each time, my readers would, I think, 
have preferred the present bad grammar. 

I am quite aware, that, instead of presenting the ma- 
terial of tills volume in its present shape, I conld luive 
given a condensed essay on color-blindness more easily 
read ; but such a book would not meet the wants of the 
immediate future. The question of color-blindness ia 
soon coming up in a very practical form in this coon* 



try. Those who have to deal with it will properly auk 
for the original material which they may themselves 
stody, and which I have here collected. Such material, 
as my bibliography shows, is widely scattered and in 
foreign languages ; whilst other I here present has never 
been published. For this reason I risk the natural crit- 
ieiam my work will call foith, rather than fail to give 
ftill opportunity for those who from theii' position must 
hereafter have my gathered material within their reach. 
As this volume is intended to meet the wants of sev- 
eral quite different classes in the community, its con- 
tents are somewhat varied. Many of the chapters may 
be read by themselves, by those who are only interested 
in the subject from the point of view touched on in that 
special chapter. General readers will find the histori- 
cal cases, and the curious mistakes caused by this 
chromatic defect, of moat interest to them perhaps. 
Physicians will be interested in facts relating to color- 
blindness from disease, its heredity, and the supposed 
peculiarities heretofore connected with it, as also its in- 
curability. Scientists and physiologists will naturally 
torn to the accounts of the precise condition of color- 
blindness and its relation to normal color-sense, as well 
aa the additional methods of detection. The color-blind 
cannot but be interested in the palliatives of congenital 
color-blindness, since we can now do more for them than 
formerly. The dangers on land and sea concern ua all. 
Railroad authorities will find full explanation of the 
precise condition of their color-blind employes. The 
possible change of railroad and marine signals will also 
concern them and the offleers of the navy and mercan- 
tile marine. The [jossibility of detecting and eliminat- 
ing the color-blind is important to those whose position 
requires them to avoid employing such. The methods 
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of SO doing interest the apecialists emplc^ed for this 
purpose. Our national and state legislatures aud rail- 
road commissioners will naturally turn to the account 
of the present provisional European laws in reference 
to tlie control of color-blind no ss on land and aea. 

I have hitherto avoided seeking for the color-blind, 
and discouraged those who I understood would apply 
to me ; because I desired to have my statistics as near 
OS possible precisely represent the truth as to the prev- 
alence of this chromatic defect. My present numbers 
are so large as to perfectly decide, for myself at least, 
this point. I therefore am now anxious to hear from 
the color-blind, by letter or otherwise, as each and 
every account is of value. The personal observations 
of any who have this defect would interest me, and be 
of service to science. AH names would of course be 
strictly confidential. I am at present devoting special 
attention to the question of hereditj', and naturally very 
anxious to hoar from any one on this point. In many 
color-blind families the facts must be pretty well known 
as to the different members, and such I desire to Lave 
causa scienticB. My professional brethren may be able 
to assist me in this, and 1 would hereby ask it of them. 
I well know that many color-blind persons, whilst 
shrinking fiom exhibiting their defect, would not hesi- 
tate to give an account of their case when assured 
their names would not be used. 

The dedication of this volume, and the free use I 
have made of his material, show bow much I am in- 
debted to Professor Ilolmgi-en of Upsala, Sweden, with 
whom I have been in constant communication. I have 
also to greatly thank Professor Bonders of Utrecht for 
advice and suggestions, as well as for the rules of the 
.Holland railroads. I am indebted for information and 
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nameroua publioationa to the foUowing gentlcmeii, 
■whom I would hereby gratefully remember : Dr. Mag- 

3 of Brealan, Drs. Eulenberg and Hirschbei^ of Ber- 
hn, Dr. Stilling of Casael, Dr. Cohn of Breslau, Dr. 
Zehender of Rostock, Dr. ScLiess of Basle, Dr. Warlo- 
moQt of Brussels, Professor Dclbceuf of Lille, Drs. 
Favre and Dor of Lyons, Dr. Nicati of Mai-seilles, Dr. 
Qnaghno of Pavia, Dr. Daae of KrageriJ, Norway, and 
Dr. Hjort of Christiana, Norway, Dr. A. von Reuss 
of Vienna, Dr. Robertson of Edinburgh, and Mr. S. 
Wright Dunning «f " The Railroad Gazette " of New 
York. 

To the Boston School Board my thanks are specially 
due for permission to test the scholars of the public 
schools, in whieh work I am still engaged. 

To avoid cumbering this volume with references, I 
use an author's name, and the bibliography wUl enable 
the reader to turn to tie original. There is, I believe, 
excuse for a writer not giving his best work to the 
public ; but I must add here, that the time for my 
I eighteen thousand examinations for color- blindness, 
and the preparation of this volume, has been stolen 
from the busy hours of a professional life. 

B. Jor Jeffbies, M.D. 

16 OBKaTBOT SntEST, KKAOOH HlLt., BOBTOH. 




I are some points in reference to color-peroe|H 
tion Trhich I must fli'st explain to my unprofessional 
readers, to show wliat color-blindness is not. Onr 
point of best vision on the retina is directly in the 
centre, and over but a small space here ; so that, to 
see an object distinctly, we must carefully turn the eye, 
to keep the picture on this portion. In looking at a 
long word on a page, we unconsciously travel along it 
to catch all the letters. K we keep our eye fixed on 
one point, and move a letter away from this point, its 
form is soon lost, and we fail to recognizo it. In other 
words, if the image of the letter falls on the retina but 
a little way from the centre, called "the yellow spot" 
from its color, it is confused. Form-perception dimin- 
ishes very rapidly from the centre outwards in all direc- 
tions. Now, this is also the case in reference to color. 
Let one eye be closed, and the other fixed on a bright- 
red object, like a wafer, held before it. When moved 
gradually out from the central field of vision, the wafer 
will decrease in brightness, and finally appear black. 
Its/orm we may still discern. This is not eolor-blind- 
A painter has added a bright little scarlet flower 
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down in one comer of hie picture, and turns to work in 
the centre, when suddenly the scarlet flower loses its 
color, because its image falla far away on the retina 
ftom the point of best color-perception. This same 
will be found in reference to the other primary colors 
in varying degrees. 

Another point: Whenever the retina is tired out 
with one color, it can only perceive the complementary 
one. If with one ej'e we gaze steadily for some sec- 
onds at a bright-green disk on a white ground, and then 
quickly look at another white surface, we shall see a 
red disk. Gazing fixedly at the setting sun when a 
deep red, and turning quickly to the east, we shall see 
a rising green sun. I hardly need aay this alao is not 
color-blindness. 

Again ; the crj-stalline lens in the eye becomes, with 
i^, harder, and of a yellowish color, — up to positive 
blackness. When opaque, it prevents, of course, the 
passage of light through the pupil : it is called ccUa- 
ract. This opaque lens we then remove from the eye, 
and replace it by a strong convex lens in the specta- 
cles. Whilst the lens has been turning yellow, all the 
person's light has been yellow ; so that, when the lens 
is removed, the impression will be that of the comple- 
mentary color, — bluish. Many old persons whom I 
have operated on for cataract, after it was removed, 
and they were able to use their sight, complained that 
every thing was blue ; that, for instance, their chil- 
I dren's faces appeared blue : and they naturally often 
I expressed considerable disappointment that life was to 
I be to them wholly bluish. This is not true color-bhnd- 
, and soon wears off. Santonine, or worm-seed, 
I causes, when taken, all objects to appear a bright jel- 
I or sometimes its complementary color, violet. 
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The effect is not permanent, and passes off in a few 
hours. 

Another physiological fact in relation to color-per- 
ception is very important, and seems to be generally 
quite unknown or neglected. Around the point of best 
vision in the centre of the retina is a zone where we 
perceive all of the three so-called base colors, — red, 
green, and violet. Outside of this there is another 
zone, in which we have a perception of only two; 
namely, green and violet ; and again, beyond this, on 
the retina, only blue or violet is perceiyed. We shall 
hereafter see how these zones resemble color-blindness. 



COLOR-BLINDNESS: 

ITS DANGERS AND ITS DETECTION. 



HI3T0EICA1 CASES OP COLOE-BLDTDSESS. 

Theee seems no good reason to doubt that 
color-blindness has existed at all times in man. 
It is therefore certainly very curious that its de- 
tection, and consequent mention in literature, is 
so very recent. A case of Dr. Tuberville's (1684) 
has been quoted and referred to as one of color- 
blindness. In a letter to the Royal Society, Lon- 
don, Aug. 4, 1684, he says, "A maid two and 
twenty years old came to me from Banbury, who 
could see very well, but no color beside black and 
white. She had such scintillationa by night (with 
the appearances of bulls, bears, &c.) as terrified 
her very much. She could see to read sometimes 
in the greatest darkness for almost a quarter of an 
hour." 

This is too indefinite to be admitted as a case 
of color-blindness recognized at that date. We 
probably shall hunt literature in vain for mention 
of color-blindness till nearly a hundred years later, 
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when we come (in 1777) to Mr. Huddart's account 
of the shoemaker Harris o£ Maryport, in Cumber- 
land, Eng. This case ia historic, and the descrip- 
tion perfect in its way, rendering it quite worthy 
of being given here in full. Hnddart writes to 
Rev. J. Priestley, — 

" I have known Harria ten years, and had frequent oppor- 
tunities of Gonrersing with him. I had often heard from 
others that he could discern the form aud magnitude of all 
objects very distincUf, but could cot distinguish colors. 
This report having excited my curiosity, I eonveraed with 
him frequently on the subject. The account he gare vaa 
this : that he had reason to believe other persons saw some- 
thing in objeets which he could not see ; that their language 
seemed to mark qualities with confidence and precisioa 
which he could only guess at with hesitation, and frequently 
with error. His first suspicion of this arose when he was 
about four years old. Having by accident found in the 
street a child's stocking, he carried it to a neighboring house 
to inquire for the owner. He observed the people called it a 
red stocking, though he did not understand why they gave 
it that denomination, as he himself thought it completely 
described by being called a stoctinif. The circumstance, 
however, remained in his memory, and, together with sub- 
sequent observations, led him to the knowledge of his de- 
fect. As the idea of- color is among the first that enters the 
mind, it miiy perhaps seem extraordinary that he did not ' 
observe his want of it still earlier. This, however, may in 
some measure be accounted for from the circumstance of 
his family being Quakers, among whom a general uniform- 
ity of colors is known to prevail. He observed, also, that, 
when young, other children could discern cherries on a tree 
by some pretended difference of color, though he could only 
distinguish them from the leaves by their difference of size 
and shape. He observed, also, that, by means of this dif- 
ference of color, they could see the cherries at a greater dis- 
tance than he could, though he could see other objects at as 
great distance as they ; that ia, where the sight was not 
assisted by the color. Large objects he could see as well as 
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otuber persons; and even the amaller ooes, if thej were not 
enveloped in other things, aa in the case of cherries among 
tiie leaves. I belieTe he could never do more than guess 
the name of any color; jet he conld distingubh white from 
black, or black from any light or bright color. Dove or 
straw color he called white, and different colors he frequent- 
ly called by the same name ; yet he could discern a differ- 
ence between them when placed together. In general, colors 
of an equal degree of brightness, however they might other- 
wise differ, he frequently confoimded together; yet a striped 
ribbon he conld distinguish from a plain one, but he could 
not tell what the colors were with any tolerable exactness. 
Dark colors in general he often mistook for black, but never 
imagined white to be a dark color, nor dark to be a white 
color. He was an intelligent man, and very desirous of 
understanding the nature of light and colors, for which end 
he had attended a course of lectures in natural philosophy. 
He had two brothers in the same circumstances aa to sight, 
and two other brothers and sisters, who, aa well aa their 
parents, had nothing of this defect. One brother is master 
of a trading-vessel. I met him, and asked him whether he 
h^ ever seen a rainbow. He replied he had often, and 
could distinguish the different colors ; meaning only that it 
was composed of different colors, for he could not tell what 
they were. A piece of ribbon he without difficulty pro- 
nounced striped, and not plain. The several stripes of white 
be uniformly so called. The four black stripes he was de- 
ceived in ; for three of them he thonght brown, though they 
were exactly of the same shade with tbe other, which he 
properly called black. The light green he called yellow, 
but he was cot very jxiaitive. He said, ' I think that is 
what you call yellow.' The middle stripe, which had a 
Bligbt tinge of red, he called a sort of blue. But he was 
most of all deceived by the orange color: of this he spoke 
TOTy confidently, saying, ' This is the color of grass ; this is 
green.' I also showed him a great variety of ribbons, the 
color of which he sometimes named rightly, and sometimes 
as differently as possible from the true colors. These ex- 
periments were made in the daytime, and in a good light. 
I asked him whether he imagined it possible for all the 
ouB colors he saw to be mere difference of light and 
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shade; whether he thought they could be variouB degreea 
between white and h1aj:k, and that a,ll colors could be com- 
posed of these two mixtures only. With some hesitation he 
replied, No : he did imagine there was some other diSer- 



In 1779 Mr. J. Scott reported Ma own case in a 
letter to Rev. Mr. Whisaon, Trinity College, and 
communicated by the Rev. Michael Lort. He 
says that a full red and full green, pale blue and 
pink, deep red and blue gave him the same sensa- 
tion; but he readily distinguished yellow and 
deep blue. The claret color of a garment seemed 
to him deep black. 

We must again seek in vain in literature for 
cases of color-blindness till we come, in 1794, to the 
English chemist Dalton's description of his own vis- 
ion. His report excited so much attention, that 
his name became attached to this chromatic defect, 
which, by general consent, is now among nearly 
all nations called color-blindness, not only fi-om a 
desire not to connect so distinguished a man's 
name as Dalton with a physical defect, but as also 
being nearer the truth, since only the red-blind 
are Baltonians. Dalton's case is as interesting 
as historical. He says, — 

"It has been obeerved that our ideas of colors, sounds, 
taatea, &c., excited by the same object, may be very differ- 
ent in themselves without our being aware of it, and that we 
may nevertheless converse intelligibly coneeming such ob- 
jeota as if we were certain the iiupresaions made by them on 
our minds were eiactly similar. It will, however, scarcely 
be supposed that any two objects, which are every day before 
UB, should appear hardly distinguishable to one person, and 
very difierent to another, without the circumstwice immedi- 
ately suggesting a difference in their faculties of vision ; yet 
Bucb is the fact, not only with regard to myself, but to maoy 
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oQiera also. Notwithstanding the occasional stady of 
botany, I was never convinced of a peculiarity in my vision 
till I accidentally observed the color of tJie flower Gtraniuia 
zonale by candle-light in 1792. The flower was pink, but 
it appeared to me almost an exact sky-blue by day. In can- 
dle-light, however, it was aetoniahingly changed, not having 
then any blue in it, but being what I called reil, — a color 
which forma a striking contrast to blue. Friends, when 
asked, all agreed that the color was not rnaterially different 
from what it wis by daylight, except my brother, who saw 
it in the same light as myself. Two years afterwards I 
oommeuced an investigation of the subject, aasiated by a 
friend. My observation began with the solar spectrum, or 
colored image of the sun, exhibited in a darkroom by means 
of a glass prism. I found that pei'sous in general distingnish 
sis kinds of color in the solar image ; namely, red, orange, 
yellow, green, blue, purple. To me it is quite otherwise : 1 
Bee only two, or at moat three, distinctions. These I should 
call T/eWoio and blue, or gelioie, blue, and purple. My yellow 
comprehends the reil, orange, yellow, and green of others ; and 
my blue and pnrple coincide with theirs. That part of the 
image wliich others call red appears to m.e little more than 
a shade, or defect of light ; after that, the orange, yellow, 
and green seem one color, which descends pretty uniformly 
from an intense to a rare yellow, making what I should call 
different shades of yellow. The difference between the 
green part and the blue part is very striking to my eye ; they 
seem to be strongly contrasted. That between the blue and 
purple is much less so. The purple appears to be blue much 
darkened and condensed." 

The next cases reported in order of time are by 
I Dr. NicboU, 1816 and 1818. One was a boy 
I eleven years old, who was color-blind, like Dalton. 
I The other waa a man aged forty-nine, who reported 
§ thus : — 

"The color I am most at a loss with is green; and, in 
^kttempting to distinguish it from red, it is nearly gaess- 
rwork. Scarlet in most cases I can distinguish, but a dark 
J bottle-green I could not, with any certainty, from brown. 
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■jeCow I know ; dark yellow I might confound with 

tn, though in most cases, I think, I ebould know 

i red. The difEerent ehadea of red and green, I 

Inot to which they belong ; but, when they are before 

e a dJfEerenca in the shade. Though I Bee different 

.n looking at A rainbow, I should say it was a mix- 

|f yellow and blue, — yellow in the centre, and blue 

a the edges." 

Bese cases are about all which ma^ be properly 
Bdered historic. I have referred to the origi- 
Iccounts, and quoted from them. It may be 
led that mention of what the several persona 
^ colors — i.e., the names they gave them on 
JntatioQ — has been generally omitted. The 
In of this will be seen later. It need only 
1 be remarked, that asking the examined to 
! colors is in reality no test of their color- 
ation ; and, where this alone has been done, 
I: color-bliudnesa cannot be accepted as proved. 
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CHAPTER II. 

COLOR-BLIND MISTAKES. 

It wiU be interesting to note what mistakes 
their chromatic deficiency causes the color-blind 
to make, and therefore well worth our while to 
listen to their own report, as well as that of their 
examiners. Not only shall we find it curious and 
interesting, but from a long series of cases we may 
able to deduce, as has been done, some general 
laws and classification of this peculiar visual condi- 
tion. Commencing with the cases I have referred 
to as historical : Dalton said the color of a florid 
complexion seemed dull, opaque, blackish blue 
upon a white ground. Diluted black ink on white 
paper gives a color much resembling a florid com- 
plexion. It has no resemblance to the color of 
blood. Blood appeared not unlike that color called 
bottle-green. Grass appeared a very little dififer- 
ent from red. The face of a laurel-leaf is a good 
match to a stick of red sealing-wax, and the back 
of the leaf answers to the lighter red of wafers. 
Green woollen cloth — such as is used to cover 
tables — appeared a dull brownish-red color. A 
mixture of two parts mud and one red would come 



ITS DANGERS AND ITS DETECTION. 9 

resembled, and he pointed to some of the ever- 
greens outside of the window, and said, that to his 
eye their colors were quite alike. On the other 
hand, the lining of the gown, which was pink silk, 
he could not distinguish from sky-blue. 

The first case recorded — Harris the shoemaker 
— noticed, when an infant, what the color-blind 
nearly always do, namely, the inability to distin- 
guish any red fruits from the surrounding green 
leaves. Recognition of their chromatic defect 
dates not infrequently from companions being able 
to pick strawberries, cherries, &c., more quickly. 
One of Dr. Colquhoun's patients says, — 

"I cannot perceive a bit of red sealing-wax if thrown 
down upon the grass, nor a piece of scarlet cloth hung upon 
a hedge, which, I was told, was to be seen a mile off. I 
once gathered some lichen, as a great curiosity, from the roof 
of a friend's fishing-house. I thought it was of a bright 
scarlet, from its seeming to be of the same color as the tiles : 
in reality it was a bright green. On another occasion I per- 
ceived no difference in the complexion of a foreign lady, 
who had purposely substituted Prussian blue for her rouge." 

Dr. NichoU says df a boy, eleven years old, — 

"I placed a scarlet paper on the grass, and afterwards a 
green baize. He said that the grass and the baize were of the 
same color as the paper, but that they were a shade lighter. 
I made him put on a pair of green spectacles, which he 
called red glasses. He said that everybody and every thing 
in the room had a reddish bast when seen through them. 
The border of the room had a blue leaf with a green edge : 
this he called a blue leaf with a red border. A woman 
passed by with a basket on her arm. He told his mother that 
the woman had fowls in it, for that he saw the red feathers 
hanging out : these proved to be green leaves with which she 
had covered her butter. He told me, * What you call purple 
and pink and blue are so like each other, that 1 cannot well 
know one from the other.* He also called the gray eyes of 
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ally no color, varying all the way from a very light drab 
« gray to a dingy black. When the blue rays predominate, 
■it appears a blue drab ; and, ■when the yellow rays are in ex- 
cess, it appears a jellow drab. When the blue and yellow 
are properly blended, a lady's green silk dresa appears to me 
very similar, and no more glaring than a drab silk. The 
dry dirt of the street I could equally suppose to be green 
I also confound red and brown frequently. I could not dis- 
tiugniah between treaclo and blood spilt in a road by day- 
Ught." 

Another gentleman gives a very interesting lUub- 

tion of the extent of his color-bhniaess in ref- 
erence to red and green. When acting as assistant 
to the engineer of the Granton Railway, he fre- 
quently returned in the evening from Granton to 
Edinburgh on one of the engines, without, how- 
ever, taking any part in managing it. On these 
■occasions he observed, that, although his undivided 
attention was directed towards the signal lamps, 
the light of which was visible to him a long way 
off, he could not, till he was close upon them, dis- 
tinguish whether they were red or greeu. He feels 
certain that he could tell a blue light from a red 
light at a distance which would make green and 
red appear the same. 

Another gentleman was, like many other color- 
blind persons, a great lover of fine arts, and a 
skilful draughtsman. He was led in consequence, 
■early in life, to discover bia inability to arrange 
own palette, and was accustomed to rely upon 

relative to select bis colors, whilst he had no 
.eulty in gi'aduating their shades. In the rain- 
' he distinguishes blue, yellow, and orange. 
[ISreen he never sees in it, and be is very uncertain 

to red. In colored objects he has no difficulty 
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with blue or yellow ; but he stumbles at red and 
green, aud olive and brown. Green moss and red 
and green velvet make the same impression on his 
eye, so far as color is concerned. He is foiled also 
by worsted.^ of these colors, and on one occasion 
betrayed his peculiarity of vision by bis inability 
to see the contrast between the scarlet berries and 
green leaves of the mountain-ash. On another 
occasion he was surprised to find, on returning 
home from a journey, that a letter which he had 
written home during his absence was one-half in 
hlaek and the other in red int. A red-brick 
bouse, which to others is a conspicuous object in 
the landscape, even at a great distance, is to him 
an inconspicuous one, and made out with great 
difficulty solely by its form. 

" Green and red I cannot distinguish from each other. 
Red cabbage growing, pickled, or in infusion, are all the 
moat beautiful blue I can conceive; and it was by not ob- 
serving any change by acida in the infusion of ted cabbage, 
when attending Professor Hope's ohemistry-claaa, where I 
used to stare for tlie whole hour expecting to see the change, 
that I first became fully convinced of my great defect. 
Red, again, in the lips, cheeks, nose (red), gooBeberriea, in- 
flanunations, and the like, looks blue to me ! (I never saw 
a red nose in my life ; ) and yet, in recently taking up an oil- 
paint, to illustrate to another my conception of the color of 
the lips, you will be astonished to hear that I took up a 
green (terre verte). On another occasion I was very much 

loyed at a little boy who could tell a blue line of water- 
color, drawn across my finger, front blood ; I could see no 
Strawberries, cherries, &c., I can recognize with- 
out the slightest difficulty ; but I don't trouble myself about 
their color: I see only a difference as regards what I call 
»haile. rinks, lilacs, purples, and blues are all the samo 
color, only differing in intensity. Browns, russets, maroons, 
olives, citrines, and a host of others, are just any thing I 
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ean guess at; but I never get farther than red, brown, or 
green. The names of the other colors I don't think I ever 
Tittered. Indeed, I never speak of colors, unless I cannot 
avoid it ; and the only practical mistake I ever made in re- 
gard to them was purchasing a purple neckcloth under the 
impression it was black. That was the only mistake, for a 
good reason : I never bought a colored piece of dress alone, 
either before or since. A piece of railway red signal-glass, 
and another of green signal-glass, held up together, close to 
the eye in daylight, appeared to be shades of the same 
color.'' 

An engraver reports, — 

, " Strange as it may appear, my defective vision is, to a 
certain extent, a useful and valuable quality. Thus ; an en- 
graver has two negative colors to deal with; i.e., white and 
black. Now, when I look at a picture, I see it onlj; in white 
and black, or light and shade;, and any want of harmony 
in the coloring of a picture is immediately made manifest 
by a corresponding discord in the arrangement of its light 
and shade, or, as artists term it, the effect, I find at times 
many of my brother-engravers in doubt how to translate 
certain colors of pictures, which to me are matters of de- 
cided certainty and ease. Thus to me it is valuable. From 
childhood I have been totally unable to retain certain colors 
in my mind, nor able to give their names when shown to 
me a second time. This defect applies more particularly to 
compound colors, such as green, purple, orange, and brown 
(this color I can never define) ; also the difference between 
pink and pale blue, reds and yellows, blues and greens, reds 
and greens ; but the appreciation of the various shades of 
colors (or the weight of colors, as I may term it) is exceed- 
ingly nice and critical. A few years ago I went to a dra- 
per's to buy some green baize, but unfortunately bought a 
very bright red, which was excessively painful to my eyes 
by lamplight, but agreeable enough by daylight." 

An amateur artist, who also worked with cray- 
ons, found his defect an advantage, and reports, — 

" I have myself a distinct perception of the whole spec- 
trum, with the exception of the red and green, which seem 
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to be a very near repetition of the some colors ; the differ- 
ence between them being to ray eye much mora marked by 
Bome accidental variation of tone rather than o£ tint, which 
to others ia frequently imperceptible. The flowers of ft 
fuchsia, the berries of mountain-ash and holly, are scamelj 
distinguishable to me, eicepting by their tone or form." 

He also adds, "I recollect the late Lord Y. juking his 
wife for wearing a scarlet dress. She assured him it was 
bright green ; and, comparing notes with him, I found that 
our defect of vision was precisely the same, although he 
had been scarcely aware of it till that time. My brother, 
who haa the same trouble, once picked up a red-hot ooal, 
asking wliat tliat funny green thing was." 

Another ease writes as follows : — 

" I do not think I should easily mistake a green for a 
red, or red for a green ; but, if the distant perception of 
scarlet (or red of that nature) is a necessary qualificatior 
for an engine-driver in the conduct of a train, I shall be 
careful, ' come what come may,' never to offer myself i 
that capacitnf to a railway company. At a distance o£ about 
sixty yards it would puzzle me to distinguish the color of & 
soldier's coat, although the general outline of the figure 
would enable me to pronounce upon its being that of a 
soldier." 

An admiral in the British service writes, - 
" A younger brother of mine, long since dead, -was fond 
of drawing ; yet once he painted a red tree in a landscape 
■without being aware ha had done so. I myself, though fond 
of drawing, never attempted to color, as I should have done 
the same, unless the cake of color had been properly mailed. 
' I find that it is not that I do not see a distinction between 
two colors when placed near each other, as in 
bales of cloth; but I should hardly distinguish a red jacket 
hung on a tree, unless quite fresh from the loom. A red- 
tiled barn I should not distinguish in a landscape, but from 
knowing tiles are red. The shades of green, of brovm, and 
of red, perplei me most. Bright scarlet is unmistakable to 
me ; but I chose a pair of green trousers once, thinking 
they were brown. As for sign al-1 an terns , I should know 
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the difference between red and green if tliey were shown 
togethpr; but I should be sorry if the satety of a train 
depended on my lookout, when one light alone was exhihited 
as danger or no danger." 

A young physician answers, " Haring often obaerved a 
railway signal-light, seen from my window, I am convinced 
that its colors would be lost upon me ; nor dare I trust to 
their flags. I never venture on the purchase of colored 
articles without a companion to appeal to." 

ProfasBor N. says, "I suppose I can sometimes distin- 
guish red in some objects, but probably this ia from knowing 
that they are risually of this color. At any rate, I am quite 
sure that I should make a dangerous railway-signal man, as 
I most certainly would not know a red flag from a green 



An architect report9 Laving to release a pupil- 
appreDtice in conaeijuence of finding him copy a 
brown house in bluish-green paint, the sky rose- 
eolor, and roses blue. 

A tradesman reports his boy offering pink and 
pale-green paper as good matches, and getting his 
master into frequent trouble by binding books in 
wrong colors, 

A manufacturer reports that one of his weavers 
had to have the red and green threads selected by 
another, as he could not distinguish them. 

A carver and gilder, who was color-blind, had a 
son who painted a head with the face muddy 
green, which he couceived to be vermilion. A 
brother of tliia person, an artist by profession, 
knew no difference by gaslight between the vari- 
ously-colored bottles in a druggist's window, and 
eoiild not distinguish the red from the green signal- 
■ lamp at a railway -station. 

Six males— -uncles, nephews, and cousins — in 
, one family all belong to the Society of Friends; 
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and their mistakes in selecting articles of dress 
have been rendered especially conspicuous by the 
preference which members of that religious body- 
give to the leaat brilliant and moat unconspicuous 
colors. One of their numher provided himself 
with a bottle-green coat, intending to purchase a 
brown one ; and selected for his wife, who desired 
a dark gown, a scarlet merino. Another, who is 
an upholsterer, purchased scarlet for drab, and 
had to rely upon his wife and daughters to select 
for him the fabrics needed in the course of his pro- 
fession. A third, who is a farmer, could not tell 
red apples from the surrounding gi-een leaves, ex- 
cept by their shape. All of them confounded red 
with green, olive mth brown, and pink with blue ; 
but they are very expert at matching shades of 
the same color. One of the younger men, whose 
profession requires him to deal much in colored 
tissues, has found that the " only way of telling 
the difference between scarlet and green, or blue 
and crimson, is to take them into a room hghted 
with gas or candles," when the distinction which 
was invisible by daylight becomes apparent. 
Olives and browns, however, are as undistinguish- 
able by one light as by another. A minister, also 
in the Society of Friends, selected scarlet cloth as 
the material for a new coat. 

As to females with color-blindness, Wilson saya 
of the Countess of D., — 

" Red, green, black, browii, and lilac, she cloea not ven- 
ture to name confidently, and greens and drabs are t}ie same 
color. Mountain-ash or Jiolly berries are undistingaishabla 
from their foliage. In sorting worsteds she can place no 
confidence in herself in choosing, and all the lightest shades 
rf oolor are liable to be completely mixed up. ' The yellow 
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tinta now (October) seen on the trees appear to me exactly 
the same as those of their spring shades : indeed I cannot 
conceiYE tiie poesibility of anj one seeing them to be dif- 
ferent.' The terra ' yellow ' here included all the autumn 
tints of the leaves ; and therefore various shades of orange, 
red, russet, and brown must have seemed identical with the 
yellow green and the bright green of the spring learea." 

A lady reporiiS, " I do not know how to express myself 
well regarding the loss I am a,t to distingojah colors, as I 
hardly understand houi it in myself ; but I will try to do so as 
clearly as 1 can. There are many colors the shades of which 
1 confound ; these are blue, lilac, pink, and purple ; and, if 
the various shades of these colors were put before me and 
mixed together, I should be quite confused, and cotil'l not 
tell to which each belongs, although I see they are different. 
In the same way I confound green, brown, and some of the 
shades of orange. In short, were I to tell the name of any 
color correctly, it would be merely guesswork. I can enjoy 
the beauties of nature, and the varied hues of the trees, &c. ; 
but that there is some defect in my vision I am quite aware. 
Of this, also, 1 am certain; lean do nothing (or as yet have 
not been able) to improve it." 

When engaged with colored worsted-work, she 
always has the skeins marked. 

To this long list of foreign and American re- 
ports, I could, of course, now add as many more 
from my own experience with the color-blind. I 
will forbear giving but a few, merely to show that 
! they all can be brought under the same general 
. laws. 

Dr. Blank writes me, " Possibly you may have 
recollected that I am myself of the red-green 
group. In 1854-65 Wilson of Edinburgh added 
ne to his list," 
Another physician writes me, " I read with in- 
I terest your color-blind researches : for I am shock- 
ingly BO, often to my great chagrin and the morti- 
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fication of my wife and daughter, and, where I feel 
it most, in surgical practice, — color of throats, 
gangrene, ulcers, coppery-hued sores, &c.; so that 
I have to draw out the statements of others for 
my guidance." 

A gentleman tells me, " Yellow and blue are my 
only distinct colors. Red is the most indistinct. 
I cannot see certain shades of red. I cannot dia- 
tiuguish scarlet salvias a few rods away." 

A memher of a well-known American color-blind 
family sends me word, " Red, brown, and green, 
of about the same depth or strength of color, ap- 
pear about alike to me. The red cherry and the 
leaf of the tree look substantially alike." 

A lady, whose father was color-blind, writes me 
of two of her children, boys (three girls being 
free of the defect), that " they do not observe 
when a flaming bush of Pi/rus Japonica ia in flower, 
unless near enough to discern the form of the 
flower. After having his attention directed to it, 
one of them said, ' Oh, yes ! I see the flowers nowj 
but they are not so bright as the leaves.' The 
leaves in their young state are of a very yellow 
green. Neither of the boysia near-sighted. I first 
noticed it in my older boy when he was five years 
old. We were in a field, and the girls were scream- 
ing with delight over such columbines all around 
them. The little boy said, 'Where are they? I 
don't see any flowers.' After having one put in 
his hand, and obser\'ing the form, he, too, could 
find them. There are two colors my boys are 
^uite unable to learn to distinguish. These are 
a light green and a yeUow brown. I do not think 
they see any difference between them. I enclose 
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bits of the colors I mean. I omitted to mention 
that my boys always call crimson bine." 

The green worsted I found almost the same as 
the shade used in Holmgren's test, and the yellow- 
ish brown just the color the color-blind will select 
among the first, if not the very first, to match the 
green. 

A colleague at a distance, regarded by his wife 
as very deficient in color-perception, asked my 
opinion. I sent him my test-worsteds; and the 
matches he returned me were amusing, fully sub- 
stantiating the lady's opinion and diagnosis. 

A friend told me he painted a pea-green lion for 
his little boy. Another wore a green and a brown 
glove. A young architect put a green roof on a 
church, and was indisposed to admit having made 
any mistalce. Complaints to me from the color- 
blind, as to the colors of horse-cars by day and 
their hghts by night, have heen very frequent. 
A medical fiiend tells me that on a yacht he must 
have a piece of red glass marked red, and green 
marked ffrecn, to look at, to endeavor to impress 
on his eye the sensation, and compare it with the 
red or green light of an approaching vessel. His 
matches of worsted were amusing, and showed 
complete reil-blindneas, I happened to meet him 
on the street ; and, on questioning turn, I found he 
could see no color in a bright-red express-wagon, a 
brilliant new scarlet " soldier's messenger " cap, nor 
could he distinguish a lad by Ids deep-red scarf. 
His brother was nearly the same. Yellow-stained 
glass in a door they recognized, hut thought pale 
green was white, or ■' the color of soda-water," 

As has been truly said, " Volumes might be 
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n this subject if the different mstancea 
I the ])ei;uliarities presented by coIor-blindDess, 
■ (?, embarrassment to ■which they give rise, 
cited." 

question of correctly distinguishing colors 

i up in a practical form more often than we 

in every-day life. Such articles as the 

, (flipped from the newspapers of a day, 

laturally the attention only of those 

ially interested in or investigating color-per- 



V Bi;dford, Aug. 30. — Masters of veasels amTing 
lipyard Haven complain, that, eiace the red light at the 
Tc.'liop has been romoyed to the new tower built for it, 
Iscarcely distinguishable from the West Chop, or any 
" sed white light. The captain of schooner ' Haimi- 
l)f Isleaborough, Me., made it on Saturday evening, ap- 
^■om the eastward, in thick weather, and called it 
l-Chop light, and changed his course to run in Vineyard- 
11 Ilarbnr, and just escaped running ashore near Oak 
' y rniiking the light at that place through the fog. 
:idents as the above can only occur, however, in 
aihi'i-, when but one of the two lights on the Chops 
irhor can he seen at the same time." 
ICiijlish inventor, J. J. Nickoll, has brought out a 
£ liilm-aignals. In describing his invention to the 
•;' Institute, Mr. Nickoll says, ' Ah my signals move 
(.■[illy with the rudder, every material shifting of 
I 1(1 llie port or starboard is at once shown at the 
till' vessel by a red or green light, and before she 
ii' :■ hiilia, thus giving timely notice to an approach- 
liip ivliut course she is about to steer. The signals act 
" utly of the regulation mast-head lights.' " 

rf if till' present necessary marine-signals were 

liClicuit enough to read quickly, a writer in 

^cii.iiitific American" proposes that there 

Ld be exhibited a red light for north, green for 
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south, yellow for east, and white for west. When 
steering due north a red light is to be shown; 
when steering north-north-east one .light under 
this; north-east two lights; east-north-east three 
lights, &c. ; and so on for the other points of the 
compass. Every change of course is to be imme- 
diately followed by a change of these lanterns. 
Such a proposal but expresses the general lack 
of appreciation of the difficulties with all night- 
signals. 

"The Eastern Railway Company has recently placed 
upon the whole route of its line patent switches painted 
red, with an index pointing across the track if all is not 
right. At night a green lantern signifies the track is clear, 
and a red one if not. The company claims that by this 
simple arrangement accidents will not be of so frequent 
occurrence as under the old system of signals.'* 

A post-office clerk in Prussia was found to be 
constantly in trouble with the stamps. The ac- 
counts would come wrong. Sometimes there was 
not enough money in return for stamps sold ; and 
on other occasions there was too much. This 
made dishonesty on his part less likely; but it 
was incomprehensible how he would make the 
accounts so entangled. At length it was dis- 
covered that he was color-blind, and could not 
distinguish red from green stamps (" Boston 
Medical and Surgical Journal," Dec. 27, 1877). 
No doubt letters in the United States find their 
way to the Dead-Letter Office as unpaid from the 
color-blind senders putting on red two-cent instead 
of green three-cent stamps, since we all, from habit, 
regard the color rather than the number on a 
postage-stamp, especially when in haste. 



CHAPTER m. 

T.R CLASSIFICATIOIS OP THE COLOB-BLIND. 

BY this long list of reports from the examiners 
Jlie examined, I have not only enabled my read- 
Ito recognize what are the mistakes the eolor- 
Id iLia.I.-e, but also, perhaps, assisted them in 
■ipiiig ifiU} certain classes those with this chro- 
; di:foct. Thia, as will be seen, is of impor- 
■ ; but it was not done till 1837 by Professor 
Ijcfk. Of course any one observer of this 
siinply scientific curiosity had hardly oppor^ 
' of comparing any great number of cases 
i(!r, and thereby deducing some laws con- 
ig lliem, or sorting out the color-blind into 
s according to their special form of trouble. 
Ibcck personally investigated a number for that 
v(!iT large, — namely, twelve cases ; and he 
Ihc first to work philosophically, recognizing 
DsistiJig on the uselessness of asking the color- 
id Ihc color-names of objects. He proved the 
Bortancc of letting them show their own com- 
■ sons by having a number of colored objects 
Bed up together, and allowing tbcm to select 
n group together those which seemed to them 
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I «f the same color. He had some three hundred 
I pieces of variouslj' colored paper, also variously 
1 colored pieces of glass. He recommends worsteds, 
[ lut thinks silka would he too brilliant. He did not 
Fose worsteds, but did employ the spectrnm and 
rpolarized light in addition to the test with the 
I colored papers, &c. 

His deductions were, that there was a class of 
t color-blind who seemed quite insensible to the spe- 
cific impression of all colors, — most so for red and 
naturally, also, its complementary green, in that 
they could distinguish them but little, if any, from 
L gray ; then for blue, which they did not well aepa- 
Ijiate from gray. Their sensation of yellow seemed 
t developed, though this did not appear so diffet- 
li^t from colorless as to a normal eye. Such per- 
|:Sons more or less confounded bright orange and 
jiure yellow; deep orange, bright yellowish or 
I'iirownish green, and yellowish brown ; pure bright 
Igreen, grayish brown, and flesh-color ; rose-red, 
l-green (rather bluish than yellowish), and gray ; 
mine, dark green, and hair-brown J bluish green 
md impure violet; lilac and bluish gray; sky- 
Wue, grayish blue, and grayish lilac. 
Another class he found verj' similar to the first. 
Tiey also recognize yellow best, and distinguish 
". better, hluo rather less from colorless, but 
'-especially confound red and blue. The colors 
they confound with each other are clear orange, 
greenish yellow, brownish yellow, and pure yel- 
plow; bright orange, yellowish brown, and grass- 
a ; sealing-wax red, rusty brown, and dark olive 
a; cinnabar-red and dark brown; dark car- 
ine red and dark bluish green; flesh-red, gray 
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orown. and blue green; pale bl-uisli green and 
gray (rather brownish) ; impure rose (rather yel- 
- lowish) and pure gray ; rose-red, lilae, sky-blue, 
and gray (towards lilac); carmine and -violet; 
dark violet and dark blue. 

Seebeek was the first, besides grouping the color- 
blmd into classes, to show also that there were 
degrees of this trouble as varying as the visual 
power for form, which we now recognize as indi- 
vidual. 

Again, from an analysis of our long list of re- 
ported dif&culties with chromatic vision, we may 
Bee bow it was, from a study of all the then ac- 
cessible cases, Szokalski distinguished five elasaea 
of color-blind, — 

1. That of persons in whom the sense of colors is 
almost completely wanting, and who, in place of 
the elementary colors, — yellow, red, and blue, — 
see only different degrees of white and black. 

2. That of persons who also distinguish yel- 
lows : external objects appear to them colored 
with shades which generate the different mixtin-ea 
of yellow, of white, and of black. 

3. That of persons who, besides seeing yellow, 
have a common perception for both blue and red. 

4. That of persons destitute solely of the per- 
ception of red, which appears to thera ash-gray. 

5. That of individuals who distinguish all col- 
ors, but not in a decided manner : instead of being 
able to distinguish the mixture of two colors, they 
never see but one of them. 

Professor Purkiuje, again, from an analysis of 
cases observed and then recorded, divides color- 
blindness into four varieties. The first two re- 
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late more to the intensity, the others to the na- 
ture, of the imperfection. 

Professor Elie Wartman, writing in 1840, says, — 

" The various ancient and recent observations which I 
have to relate appear to me to confirm the division of See- 
beck, rather than that of Szokalski and Purkinje. It would 
be very advantageous to make a strict classification of the 
color-blind, because for each category means might be of- 
fered at once simple and few as palliatives of their imper- 
fections. Unhappily such an undertaking does not seem 
possible, and we may say that there are as many varieties of 
color-blindness as of individuals who are affected with it. 
With regard to the very rational distinction which Seebeck 
has the merit of having first established between the errors 
of appreciation of iniensily, and those of judgment of the in- 
dividual kind of colors, it is to be regretted that we cannot 
make it in the great majority of the descriptions which writ- 
ers have transmitted to us. I prefer only to separate the 
cases of dichromatic and polychromatic color-blindness ; that 
is to say, where there are more than two colors perceived 
normally." 

I have thus briefly given the earlier attempts to 
classify the color-blind, that the difficulty of so 
doing may be recognized. We shall also thus be 
better able to appreciate the value of the applica- 
tion of the theory for this purpose described in 
the next chapter. 
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CHAPTER IV. 



PBESENT CLASSrFICATION OF THE COLOE-BLHID 
IN ACCORDASCB "WTTH THE YOUNG-HELMHOLTZ 
THEOEY OP COLOE-PBECEPTIOS. 

A PEOPEK division, and a consequent correct 
understanding, of color-blindness was not made 
till this half of oui century. Professor Helm- 
holtz brought forward the loug-forgotten work of 
Thomas Young, and applied his theory of color- 
perception to the results of more modern inTesti- 
gations, with the final development of what is now 
called the Toung-Helmholtz theory of color-sense. 
Helmholtz says, — 

"A reduction of colors to three base colors has onlj a 
Bttbjeotive meaning : it is bnt reducing or carrjing bacfc the 
aensationa of color to three base or final seneations. In this 
yiew Thomas Young correctly grasped the problem, and, in 
fact, his theory gives us a very simple and clear view and 
explanation of all the phenomena of the physiology of color. 
Thomas Young holds that, — 

" 1. There are in the eye three kinds of nerve-flbrea. 
Stimulation of the first produces the sensation of red, the 
second that of green, and of the third the sensatioa of violet 

"2. Objective homogeneous light eseites these three 
kinds of fibres in varying degiee according to the wave- 
lengths. The red perceptive fibres will be strongest atimn- 
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Kjkted by light of the greatest wave-length, the green per- 
B.e^ive by light of medium wuve-length, and tfae violet 
perceptive by light of the b mall eat wave-length. Here must 
not be excluded, but rather accepted in explauatioa of a, 
Heriea of pbenomena, that each spectral color excites all 
tbree kinds of fibres, — but one less, the others more atroDg- 
1 J. Let us suppose, as in Fig. 1 , the spectral colore in a 
horizontal row from red to violet : then the three curves will 
repreaent the intensity of stimulation of the three kinds of 
fibres, — (1) the red perceptive; (2) the green perceptive; 
and (3) the violet perceptive elements oi fibres. 
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"Simple red strongly stimulatea the red perceptive, less 
L Ifae other two : sensatdon, red. 

" Simple ijellom stimulatea moderately the red and green 
perceptive, feebly the violet; sensation, yellow. 

" Simple green stimulates strongly the green parceptive, 
mnch leaa the other two : aensatioD, (/reen. 

"Simple 6/ue stimnlates moderately the green and violet 
perceptive fibrea, feebly the red r sonaatioa, hlue. 

" Simple violet stimulates strongly the violet perceptive, 
feebly the other fibres: sensation, iiiolet. 

"Equally strong stimulation of all the fibres gives the 
sensation of white or whitish colors." 

This is not the place to discuss the Young- 
Hehnholtz theory of color-perception. It must be 
remembered that the facta in relation to color- 
blindness given in this volume are not collected 
in support of any theory, nor is any theory argued 
for. The Young-Helmholta is used rather as a 
means of better explaining this defect. It mil 
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assist our undefstimding its relations to ooloi> 
blindness to read Heimholtz'a explanatory intro- 
duction of it : — 

"Periiaps tiiere ■will be much objection to this hypothi 
BIB, from the number of the neoeasary nerve-fibres or nervi 
teTniiiiationa being tripled, in comparison with the common 
theory, where every individual nerve oarriea nil possibli 
color-stimulation a. I do not think, hnwever, that in this 
respect Young's theory ia in opposition to anatomical facts,, 
since we know nothing of the number of the transmitting, 
fibres ; and then, besides, there are a number of mioroscopie 
elements present, whose special function we do not as yet 
know. Moreover, this is not the moat essential in Yonng's 
hypothesis. That seems to me to he rather the presenting' 
color-sensations as composed of three wholly independent 
actions in the nerve-substance. It is not absolutely neces- 
sary to suppose separate nerve-fibres for these separate sen- 
sations. The same value of Young's hypothesis ' 
plauation ia shown, if we suppose that in each individual 
fibre three difEerent and independent actions may take pli 
Since, however, the form of the hypothesis, as originally 
proposed by Young, ia capable of mora definite. presenta- 
tion and expression than such a modification of it vould 
allow, we will, in view of its description, retain the originai 
plainer form. Moreover, the physical pheuom 
stimulation — namely, the electro-motor — are not marked in 
the sensitive or motor nerves by such a variation in uctJoa 
as would necessarily be the caae if each nerve-fibre traas-- 
mitted all color-sensations. By Young's hypothi 
also apply to the optic nerve the simple conceptions of ths 
mechanism of stimulation and conduction which we have de- 
rived from the study of the phenomena in the motor 
This we could not do if we must admit that each optit 
nerve-fibre is to have three qualitatively different conditions 
of stimulation without mutual interfere no e. Young's hy- 
pothesis is only a more special carrying-out of the law of the 
specific energies of the senses. Aa the senae of touch, and 
the sense of sight in the eye, have evidently separata 
nerve-fibres, so is the same claimed for the sensation of th» 
several base colors. The choice of the three colors 



t 



ITS DANGERS AND ITS DETECTION. 29 

what arbitrary. Any thiee colors could have been taken 
whoBG oombiuation produced white light. So far as I see 
at present, there is no other means of determining the base 
colors than the examination of the color-blind." 

For further description of tlie Young-Helraholtz 
theory of color-perception I would refer the 

' reader to Helmholtz's popular scientific lectures. 
I have given above the essential pointa, as this 
■was necessary to enable us to readily follow out 
the apphcation of the theory thus stated by Helm- 
boltz to the condition of the color-blind. By 
Young's theory Helmholtz has shown how colors 

p must appear to the color-bUnd. This has been, 
however, so well extended and explained in Pro- 
fessor Holmgren's book, that I cannot do better 

> than quote from it here. In deference to the 
Smithsonian Institute I wUl give thcii- translation 
rather than my own. Professor Holmgren goes 
on to say, — 

" These curvES (Fig. 1) enable us to explain easily the 
colors of the spectrum by the theory. We find in what pro- 
portion each one of the three fundamental perceptions en- 
ters into it by measuring the vertical distance from their 
place OD the horizontal line (abscissa) to the corresponding 
points of each of the three curves. It is then seen that 
there is no color of the spectrum into which but one primi- 
tive color enters exolugively. The two others also furnish 
tJieir contingent. No one is therefore perfectly " saturated." 
They are more or less spread with white, and green is the 
least sensibly " saturated," or more whitish. The curves 
alea show us that yellow and blue are at the same time 
whitish colors, and the most iuteusely luminous in the whole 
Bpeetrum. When wa again add that a color, " saturated " iu 
almost the same degree as the other spectrail colors, pro- 
ceeds from the homogeneous combination of red and violet, 
— that is to say, purple, and its whitbh shade, pink, — we 
^all have said all theoretically that wa have to say in 
relation to the normal chromatic sense. 
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(■q eipiaiii the abnormal sense of colora by the theory 
!: norma.!, wo can, in advance, conceive varioiw possi- 
~,et lis suppose that one of the three fundaiaeiital 
Iptions ia wanting, or that one of the primitive colore is 
3 clear that the whole chromatic eystem will be 
13 evident, therefore, that thia system must be 
llctely dilferent, according to the absence of one or the 
1 nf the three primitive colors. It ia virtually just in 
l\a)' that it has been attempted to explain cases of a 
aiked defect in the chromatic sense, or genuine 
iiidness io color, found in real life. The term 
Bl/in(/ne,<a has been justified by this, as it indicates in 
se a genuine blindness to one of the primary colora. 
way, therefore, we diatinguish, according to the kind 
Jement wanting, three classes of blindness, — 
1st, Red-blindness. 
, Green-blindness. 
, Violet-blindness. 
ftVe shall flee that the Young-Helraholti theory, far from 
t coTitradicted, as has been recently claimed, by the 
ii^non of color-blindness, finds in it, on the contrary, 
■rt; ami this theory most certainly furnishes the best 
:ir :iltL[ining the practical end in view for which we 
to use it. Let us, in the first instance, cast a rapid 
oTi.T the different kinds of typical and complete . 
ss to Bolora as their features are presented by the 
Thia sketch will be singularly facilitated by the use 
same kind of curves employed iu illustrating the 
si?[i3e of colors. 
. According to the theory, blindness to red is due to the 
r paralysis of the organs perceiving red (Fig. 2). 
Ibliiidiiess has, then, but two fundamental colors, which, 
Iring strit^tly to the theory, are green and violel (blue 
TTliiig to Maxwell). 

curves distinctly show what aspect tiie vaiions 

li^^htfl of the spectrum must have for the chromatic 

', audi as the one we have in view. We will give a 

J, list of Uifm, according to Ilelnilioltz, by designating 

Itlie liilTerent kinds of lights, — by using terras borrowed 

1 the iinprL'Ssioiis tliey produced on the iiormtil chromatic 

~' c ccmparison will not be without interest: — 



ITS DANGERS AND ITS DETECTION. 



81 



" * Spectral red, which feebly excites the perceptive organs 
of green, and scarcely at all those of violet, must conse- 
quently appear to the red-blind a ^^ saturated " green of a fee- 
hie intensity, more " saturated " than normal green, into which 
a sensible portion of the other primitive colors enters. 
Feebly luminous red, which affects the perceptive organs of 
red in a normal eye sufficiently, does not, on the other hand, 
sufficiently excite the perceptive organs of green in the red- 
blind ; and it therefore seems to them black. Spectral yel- 
low seems to them a green " saturated " and intensely luminous ; 
and, as it constitutes the precisely saturated and very intense 
shade of that color, it can be understood how the red-blind 
select the name of that color, and call all those tints that 
are, properly speaking, green, yellow. Green shows, as com- 
pared with the prece^ng colors, a more sensible addition of 




the other primitive colors: it then appears, consequently, 
like a more intense but whitish shade of the same color as 
yellow and red. The greatest intensity of light in the spec- 
trum, according to Seebeck's observations, does not appear 
to the red-blind to be in the yellow region, as it does to the 
normal eye, but rather in that of the blue green. In reality, 
if the excitation of the perceptive organs of green, as it was 
necessary to assume, is strongest for green, the maximum of 
the total excitation of the red-blind must be found slightly 
toward the blue side, because the excitation of the organ 
perceiving violet is then increased. The white of the red- 
blind is naturally a combination of their two primitive colors 
in a determinate proportion, — a combination which appears 
blue gray to the normal sight : this is why he regards as 
gray the spectral transition colors from green to blue. 
Then the other color of the spectrum, which they call 6/we, 
preponderates, because indigo-blue, though somewhat whit- 
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ish according to their chromatic eense, is to them, owing to 
its interaity, a, more evideiit representative of t)i at color than 

"This description of tlie manner in which the red-blind 
forms a conception of the different fciiids of light of the 
epectram is assuredly a conclusion logically deduced from, 
the theory ; but it accords ao well, at the same time, with the 
experience acquired iu examining the color-blind, that thia 
might perfectly serve to support and eorroborat« the theory. 
We will simply add a point for our especially practical pur- 
poae, or rather emphasize one point of this theory. In fact, 
it is clear that a red and a green light especially excite one 
and the same element in the red-blind. A ray red and 
green, or an object red and green, to the normal sense, must 
seem fundamentally to the red-blind to be the same color; 
and if, in especial cases, he knows how to discriminate, bis 
judgment is simply guid(>d by the intensity of the light. 
The intensity of light is much more feeble (as shown by 
Fig. 3) iu red than in green. If, then, a red-blind individu^ 
finds that a red and a green tint are exactly alike, it is neces- 
eary that the green be to the normal eye much leas intense 
than the red. This ia distinctly shown by the vertical dot- 
ted, lines between R. and O., and also between Y. and G., 
in Fig. 2 ; and this is entirely confirmed by experience. 

" 2. Green-btindness derives its origin, according to the 
theory, from the absence or paralysis of the perceptive elo- 
ments of green. The green-blind haa therefore but two 
fundamental colors ; that is, — still closely adhering to the 
theory, — red and violet (blue according to Maxwell). The 
spectrum for green-blindness should be, according to the 
theory, constructed in the following manner : — 

" The spectral red, which strongly excites the perceptive 
organs of red, and but very faintly those of violet, must 
therefore appear to the green-blind as an extremely ' satu- 
rated ' red, but of a light somewhat less intense than the 
normal red, which is comparatively more yellowish, as green 
forms a part of it. The apectral orange is again a very 
'saturated' red, but much more luminous. Yellow is un- 
doubtedly a more intensely luminous red than the spectral 
red, but, on the other band, more whitish, because a seudU* 
portion of the other primitive color enters into it 
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" Green, -with its shades iucliniiig to yellow and blue, 

f ought, correctly speaking, to be a ' saturated ' purple, aud 

■ 'With a meaa intensity of light : but it is the white (gray) of 

reen-blind; for it is composed of almost equal parts 

of the two primitive colors. 

" The blue is an intense violet, but a little leas ' saturated ' 
than indigo, which is more strongly luminous and more 
'saturated.' Violet is a little less iotenae, but more 'sata- 
tated ' than nonnal violet. The tints most luminous, aud at 
the same time most ' saturated,' which must constitute the 
tjpes oi the primitive colors of the green-blind, are orange 
(or its iuunediate neighbor in the spectrimi, red) and indigo- 
blue. Now, orange ia a color which, in ordinary language, 
especially amongst the uncultivated and unpractised, is in- 
^JEcriniinately called red and yellow ; this fact explains why 
L^e green-blind denominate their first primary color 
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times 'red ' and aometimes 'yellow.' We will add to thia 
.description the same remark made about red-blindness. In 
green-blindness the same organ is also found affected by 
" red and gvepn light. Red and green are then per- 
ceived by the green-blind in the same way, or, in other 
'words, ore to him in fact exactly ihe same color. In cases 
where he succeeds in distinguishing them, it is by the aid of 
His intensity of the light; but, with regard to this intensity 
at light, it is the opposite of what occurs in the case of the 
,ied-blmd. A green tint which to the green-blind mnat ap- 
^.fear exactly like a red one, to a normal sense of color must 
be sensibly more luminous than red. This is shown by the 
dotted vertic.'jl lines between R. and O., and also between 
T. and G. (Fig. 3), and is confirmed in every respect by 
fsperiance. 

Violel-blindnest (or blue according to Maxwell) is due, 
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accurding to the theory, to the abBence or paraljais of the 
elements perceiving violet. The two primitive colors of the 
violet-blind are then, according to theory, red and green. 
The spectrum of the violet-blind must, Iq consequence, be 
represented as follows : ^ 

" The red is a purer red color (not yellowish) than normal 
red, but still less ' aaturated.' The more it inclines toward 
orange, the more strongly luminous it is, but is at the same 
time less 'saturated,' mora whitish. The yellow is, as it 
were, a. combination of almost equal proportions of the 
fundamental colors that form white. Green is a strongly 
luminous but wliitish green, which, in tending toward the 
blue, becomes more and more ' saturated ; ' so that greenisli 
blue must be tlie type of these hues. The Mue is a green of 
moderate luminosity, and strongly 'saturated; ' and viuiei is 
green very feebly luminous, but also ' eatuiated ' in a much 



higher degreo than the normal. A violet strongly luminous 
is sufficient to induce this green; but a feeble violet, alliough 
very sensible to the normal eye, is black to the color-blind 
in questiqp. 

" It b plain that the violet^blind, whose primitive oolora 
are red and green, do not confuse these colors. This kind 
of blinduess, from the expenraente made so far, must be 
Tery rare. For our part we have not succeeded in discover- 
j than two cases agreeing quits exactly with the 
description given by the theory; while tlie first two kindi 
are comparatively very common. In order to he abnormal 
Bsary that a sense of color should completely 
fulfil the conditions indicated in the types we hove juat 
described. We might perfectly conceive a resultant, not of 
an absolute absence or of a cmnplete paralysis of one kind 
of perceptive elements, but solely of a comparatively veij 
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low excitability, or, i£ preferred, of a much, more limited 
number of one kind of elements, acting on the retina, as 
compared with the two other idnda. It ia very easy to con- 
struct curves in oonfurmity with this idea, and not leas easy 
to arrange in this manner a continuous aeries of transitions 
and gradual forms between one kind of complete color-blind- 
ness on one side and the normal chromatic sense on the 
other. This kind of defective vision might be called iiicoia- 
plete color-bliiidiiess, to distinguish it from complete, as we 
have just characterized the three different kinds. Our expe- 
rience has taught us that the intermediary forms agreeing 
with the data given above are met in large numbers in prac- 
tice, and of very difEerent degrees. These are the forma we 
designated under the common appellation of incomplete color- 
blinilne»s; hut we can, according to the theory, still conceive 
other forms of a defective sense of color'. There ia one, 
amongst others, which has at command only one of the 
three kinds of elements. Such a sense of sight ia not prop- 
erly a chromatic sense. For it there exists no specific dif- 
ference in light; that is to say, do color. Every kind of light 
here acts as if on one element alone. This ia why the 
single perception of difierences of intensity of light (quan- 
tity), hut not of difEerences of color (quality), is possible. 
This condition may then be designated under the name of 
total color-Uhuinem. Several cases have been mentioned 
from time to time ; but we have not succeeded in finding a 
single one, and it may well be questioned whether such a 
case has actually existed.' We may also conceive that 

■ I'TufiiBiarBaDden reporledan in<er«Ung cau! of caDgcDltul loUiL calor- 
Ulndneu U thu Hpldelberg OphtfaalmoLoglml Bodicty ISTl : An educated 
jooDg DiAD cif twenty^De ytiara dF ugB wna totally cutor-bUnd. Blrdiiif ll((ht 

UHlreidfur boura without gluAUi. Out uf dudn, all (jLibhes whlcb abaorbad 
light, without difference,— ovon the brightest i^olared ducb, — w ere pleaaont to 
him, bflDiuuie Ihey reduced thu Ut[ht. In the dlaptrlc Epectrum uf n. gHH-lamp 
Uibrightoat part wm between thaepeeLml lines D and E, cloao to E: hence 
In greenlib yellow. From hure outwiu-ila tawatda the red end the light Rkded 
rapidly: toward! Ihe violet, at Aral, alowly, then rapidly. By moderate II. 
lundnatloD he loat lota of Ibe brlgbteat of the Bpcctmm on t)da aide than 
lowardi the red end. With Iho polarlsoopc, tbo domplamaulary coloni 

donblo-refrectlve prlam he had a maxlmuni of brigbtncns at every ninety 
degreea, or equality of brlgbtneaa, on If the quurti pXale wai not there. I^ 
hud the greateat dlO^renoe when Dondcrs hliDaclf saw purple and green ; 
equality, wben hu aaw yellow and blue. Trlnk were bIho made with Cho. 
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another form of a defeotive sense of color arises from the 
three fcinds of elements being miiforaily of moderate sensi- 
bility. We are able to trace the following diagram (Fig. 5), 
by M'hicli the three curves simultaneously approacli the ab- 
scissa, or horizontal line, aJid are flattened in such a manner 
tbat the verticeB disappear the first. 

" Aa is readily observed, green is then precisely the color, 
which, being ordinarily the most whitish of the primitive 
colors, is the first to lose its quality of 'saturated' color, 
and shades into gray. This must then be the exact scheme 
of pathological colot-blindness, according to the theory. In 
fact, we have found in our esaminations a large namber 
of cases perfectly harmonizing with this scheme. We huTe 
therefore classed them under the head of incomplete color- 
blinilness ; and this from essentially practical r ~~ 

define their nature .according to the theory, it 
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to regard them as a particular variety, which we shall call 
& feeble sense of colon. We are not of course able to decide 
how far defects of this kind should be considered as having 
a pathological origin, or whether they are ever congenitaL 
For this determination a much wider experience in this par- 
ticular department than we now possess is requisite, for rea- 

s to be given hereafter. Tliis kind of defect in 
sense of color leads — if we fancy it carried to its highest 
degree, or in such a condition that all the elementa lose sen 
sibility — to the complete absence of perception of light 
that is to say, to blindness, strictly so called. Every defect 
in the sense of color must then proceed either from a ae 
Dility anomalously reduced to a complete paralysis of 
Or several kinds of elfments, or from a number relatively 
diminished in sensibility to the complete absence of one 
several amongst them. 

" The experience acquired by an examination of colors 
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flifferent parts of the visuiil field elucidates our theory of 
color-blindness, while at tie same time having a practical 
value. The following ia the mimuHr in which this esami- 
nation is conducted : The eye is fixed upon an immovable 
point; a colored object — for example, a colored paper one 
or two centimetrea square — ^is slowly passed from the side 
of the visual field toward the fixed point. This experiment 
is performed still better by means of a special instrument, 
Fflrater's porimetar. We then find that the colored surface 
of any color whatsoever appears completely colorless at the 
extreme periphery of the visual field. Surfaces of different 
colors ediibit only variations in intensity of light, cot in 
oolor. The ground oa which the surface appears plays here 
an important part, since, every time our visual sense per- 
ceives the light and color of an object, it partly depends 
upon the comparison with that which surrounds it. Thus 
a colored surface seems to us, in this part of the visual field, 
black or gray on a light ground, and gray or white on a 
dark. If, while following the same direction, the colored 
object is carried within the region which surrounds the rest 
of the visual field, like a belt of greater or leas width, we 
begin to see the colored object, but not always in its natural 
color. Two colors alone — yellow and blue — retain their 
natural colors. All the others have the appearance of one of 
these colors consequently, — yellow or blue. It is only after 
the colored object is carried a little farther toward the fixed 
object that it is seen in its natural color. Consequently we 
normally see colors only in the middle of our visual field, 
within a compass extending in a more or leas eccentric man- 
ner in every direction from the fixed point. Outside of the 
central field extends a belt which aurrounds it on all sides, 
and in ■which our whole system of colors is classed under 
^wo heads, — exactly as in the case of the red-blind. We 
have here, as in the last case, but two colors, — yellow and 
blue. In other words, we are completely red-blind in this 
intermediary zone : beyond this there is a peripheral belt, 
in which we are totally color-blind. These are matters un- 
questionably of great theoretic value; but it must be acknowl- 
edged they are also of great practical importance. Altiiough 
we have adopted the Young- Helmholtz theory, we mnat 
admit that the different kinds of perceptive elements of col- 
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OTS ha-VB 3, different local diTiBioa upon the retwa; and tWs 
IB why we may speak of the topography of the chromatic 
aenae. The fact is explained in tliis way : in the retina of 
the normal eye there are Bimultaoeously three kinds of ele- 
ments in the central part, corresponding to the central 
region of the viBoal field. Toward the peripliery, beginning 
at the central fossa, the elements become more and mot 
rare, but in nnequal proportions; so that the perceptir 
organs of red cease first, and this at a limit corresponding' to 
that of tlie central region. In a belt which answers to the 
intermediate zone, or the belt of the red-blind, there i 
mains in consequence but the perceptive elementfl o£ green 
and violet. At the limit near the periphery of the retina, oi 
responding to that of the peripheral Kone of the visual field, 
or region of absolute color-blindness, the perceptive ele- 
ments of green cease also; so that there only remains in th ja 
last zone the perceptive elements of violet. We have been 
especially led to this last conclusion by the examination of 
two cases of color-blindness, where the visual field was s 
abnormally small that the peripheral zone seemed to be 
effaced, and where we, besides, recognized the characteristic 
features of violet-blindness. This experiment, which per- 
fectly harmonized with the theory, showed us the relation 
of complete red-blindness to the normal chromatic i 
Red-blindness is distinguished from the normal sight in this, 
that the normal central field b wanting, but is replaced by a 
mean corresponding at the same time to the central field and 
to the intermediary zone of the normal sight. We have also 
succeeded, owing to the peripheral investigation of the col- 
ored visual field, in verifying in a great number of cases 
the coutiiiuoua series of forraa of transition, which we have 
classified as one kind under the head of incomplete color- 
blindness, or, ia the instance especially occupying ns here, 
incomplete reiN/Undneu. In the same way the other kinds 
of color-blindness may also, as regards the visual field, be 
classified according to the theory. The visual field of the 
green-blind is distinguished from that of the normal observer 
in this, that it has a peripheral field corresponding in exten- 
sion both to the intermediary and peripheral z 
nonnal observer. The visual field of the violet-blind is di»> 
tinguistaed on the other hand in this, that it is completely 
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deficient in the normal peripheral zone. These two kinds 
of incomplete color-blindness are characterized liy a centra! 
field dimiaiahed at every degree. With regard to the visual 
• field, we may therefore lay down this rule, that it has as 
many distmot zones, with reference to the perception o£ 
colors, as the chromatic senee has fundamental colors or 
difEerent kinds of peroeptire elements, and that tiie differ- 
ent degrees of incomplete color-blindness are in the inverse 
ratio to the dimension of the visual field. If the central 
field is limited to a circle of ten degrees from the fixed 
point, all the respective characteristics of color-blindness 
are usually found in it, sometimes within even a narrower 
i-ange. A feeble sense of color manifests itself in a much 
wider central field. AU the anomalies that can be discovered 
in an examination of the visual field might, in conseqnenoe 
of the method employed, be explained by a diminution of 
excitability aa well as of the number of the elements. The 
intermediary zouo of the normal visual field or belt of red- 
blindness has an especial interest, as it furnishes us with 
the opportunity of seeing with our own eyes as the red- 
blind sees, and consequently of exactly comprehending his 
abnormal perception. 

"According to the theory, we see only yellow and blue in 
tbiH belti and in consequence we admit that the red-blind 
not only call yellow and blue their principal colors, but 
moreover nee them exactly as the normal observer does. 
This hypothesis cannot assuredly be proved; but this is not 
necessary, as the explanation Helmholtz has given of the 
designation of one of the principal colors of the red-blind is 
perfectly satisfactory. This circumstance, however, has 
given rise, amongst others, to a doubt about the Young- 
Helraholta theory, and to another theory admitting four 
principal colors to the normal sense of colors, yellow being 
classed amongst them. But this is useless. It must not 
be forgotten that colorless light and colored light are sub- 
jective perceptions, and that compariwn here performs an 
important part. Tills fact is sufficiently proved by the phe- 
nomena of contriists, accidental colors, &c. White is not a 
color; it is merely a general, neutral light, and is therefore 
produced when one kind of element is not more excited than 
another, or when all the elements are equally excited. 
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" But, as the theory obliges ua to admit that the excittl- 
laon ot the perceptive elements of green anil violet may: »n 
certain cases, as in the instance of the red-blind, supply the 
perception ot nliite, and not bluish gjeen ; and that, in cer-" 
tain caies. as in that of the green-blind, the excitation of 
the perceptive elementa of red and violet does not give pur- 
ple, but white, — it ia in no wise contrary to the theory to 
admit that the excitation of the organ perceiving green 
^vea the perception of yellow in caseH where all that re- 
mwns, moreover, of the system of colore is the comple- 
mentarj color of yellow ; that is to say, blue. The excita- 
tion of the jierceptive organ of green gives the perception of 
green only on the retina, or on a point of the retina which 
also eontaina the organ perceiving red. But this is not the 
place for further developments of this theory. 



"2. CLAaaiFICATIOK 

COLC 

"In the preceding we have indicated, in conformity with 
the theory, the different forms of a defective sense of colors, 
to which, we thint, should be applied the name of color- 
biiudnesa, and which, owing to their nature, theoretically 
must be considered as of diflerent kinds. Thia division 
will be sanctioned, if we consider the relations in which it 
stands to the method pursued tor discovering them, and 
which is baaed on the Toung-Helmholtz theory. It is this 
we are about to explain. 

"We classify the different tinda of color-blindness under 
especial heads, to be able the better to grasp the whole. 
We might, indeed, divide this blindness into congenital and 
acquired ; but as such a division has reference alone to ihe 
dode of origin, and not to the nature of this blindness, and 
aifects in no wise the manner of its discovery, it has no 
practical importance in the case now occupying our atten- 
tion. Besides, our division relates, as does our entire 
memoir on this subject, essentially to congenital coloi^ 
blindness. The division is as follows: — 

"I. Total color-blindness, in which the facnlty of peroeiv- 
™K colors is absolutely wanting, and where the visual sense 
•onseqnently can only perceive the difference between dark- 
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neas and light, aa well as the diflerent degrees of intensity 
of light. 

" n. Partial color-blindness, in TChich the faculty of cer- 
tain perceptions o£ color, but not of all, is wanting. It ia 
Bub^ivided into, — 

" I. Complete oolor-blindnesB, in which one of the three 
fundamental sensations, one of the three perceptive organs 
of color in the retina, is wanting, and in which, conse- 
qnently, the colored visual field has hut two ranges. This 
group includes three kinds; namely, — 

" (a) Red-blindness. 

" (6) Green-blindness. 

"(c) Yioletrblindness. 

"2. Incomplete color-blindnesa, where one of the three 
kinds of elements, or perhaps all, are inferior in excitability 
or in nnmbers to those of the Dormal chromatic sense. In- 
complete color-blindness exhibits, like the normal sense, 
three zones in the visual field, bnt is distingoished from it 
by an unusually small central field. This group includes 
the whole of a series of different forms and degrees, a part 
of which — the superior degrees, which might be called 
incomplete red-Olinilnesn and incomp!ele yresn-btinilness (and 
ineomplele malel-blindnesa) — constitutes the transitions ia 
the corresponding kinds of complete oolor-hlindneaa ; and 
another part of which — the inferior degrees, which we caU 
a feeble chromatic sense — constitutes the transition to the 
normal sense of colors. 

"We will show farther on that this classification, baaed 
entirely upon the Toung-IIelmholtz theory, is quite practi- 
cal, and conformable to esperience. We know no classifi- 
cation, which, though distinguishing accurately between the 
difierent essential forms of a defective sense of colors, draws 
a snrer, more decided, and more practical limit between the 
defective sense of colors and the normal sense. 
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CHAPTER V. 

PBEOISB OOITDITION OF THE VI3I0N OF THE 
COLOR-BLIND, 

It will ba now asked. What do the color-blind 
see ? Does red look green to them, or green red, 
or yellow blue, &c. ? The fact so loDg ago noticed 
that they could not distinguish their faulty color 
from gray, ■:— a mixture of black and white, — 
and the more color-blind they were the darker the 
gray which would match their faulty color, ought, 
perhap3, to have had more attention paid to it. 
Through this we can, perhaps, get a better idea 
of the color-blind's vision. And we may formu- 
late their vision thus : All colors containing their 
defective one will be grayisli, and this in proportion 
to their individual amount of defect. 

But let us have the testimony of the color- 
blind themselves. Mr. Pole, a red-blind, has 
tested himself, and shown why his results should 
be accepted. He thoronglily understands his own 
condition, although he does not seem to quite ap- 
preciate the existence of varying degrees of color- 
blindness, so perfectly shown, for instance, by 
Donders in his examination of the railroad em- 
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ployfe in Holland : moreover, violet-yellow-blind- 
neB3 has no place for him, which is, perhaps, 
natural. 

In a criticism of Mr. Gladstone's Homeric 
"vision, recently given in "Nature," Mr. Pole 
briefly sketches his former extended report of 
bis case, and Sir John Herscbel'a notice of the 
Bame. As to how he sees, which interests us, he 
says, — 

" In the first place, we (the color-blmd) see white and 
black, and their intermediate or compouud gray (provided 
they are free from alloy with other colors), precisely as 
others do. 

"Secondly, there are two colors properly so called, — 
namely, yellow and blue, — which also, if unalloyed, we see, 
as far as can be ascertained, in the normal manner. But 
these two are the only colors of which we have any sensa- 
tion ; and hence the defect has been given by Sir John 
Herachel the scientific name of dichromic vision. 

"But now comes the difficulty of the explanation. It 
may naturally be asked. Do we see objects of other colors, 
such as roses, grass, violets, oranges, and so on ? And, if we 
do see them, what do they look like ? The answer is, that 
'wa do see all snch things, but that they do not give us the 
color-sensations correctly belonging to them : their colore 
appear ti3 us varieties of the other color-sensations which 
we are able to receive. Thia will be best explained by 
examples. Take first the color red. A soldier's coat 
(British), or a stick of red sealing-wax, conveys to me a 
very positive sensation of color, by which I am perfectly 
able to identify, in a great number of instances, bodies of 
this hue. li, therefore, the invefitig'ation of my experience 
ended here, there would be no reason to consider me blind 
to red, or as having any grave defect in my vision regarding 
it. But, when I examine more closely what I really do see, 
I am obliged to come to the couclusion that the sensation I 
perceive is not one that I can identify separately, but is 
■imply a modification of one of my other sensations ; namely, 
yellow. It is, in fact, a yellow, shaded with black or gray 
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— a darkened yellow, or what I may call yellow brown. I 
find that all the most common hues of red correspond with 
this description; and, in proportion as they are more scarlet 
or more tendiug towards orange, the yellow I see i 
vivid. The explanation, 1 Bnppose, ia, that none of Buch 
reds are pure, — they are combinations of red with yellow; 
GO that I see the yellow element of the combination, while 
the true red element of the combination ia invisible to n 
OS a color, and acts only as a darkening shade. 

" I obtain a further proof of tliis by the change of sensi 
tion when the hue of red is altered. I find, that, aa the color 
approaches crimson, the yellow element becomes fainter, 
and the darkening shade loare powerful, nntil very bi 
yellow disappears, and nothing but a gray or coiorless hue 
ia presented to my eye, although the color is still a poaitivf 
and powerful red to tha normal-eyed ; so that there is e 
hue of red, which, as a color, is absolutely invisible to the 
color-blind. 

"If I go on beyond this point, and take reds thatpasa 
from crimson towards the hue called lake, I aee mj other 
color come in, — a faint blue, — which inoreaaea tUl violet ie 
reached, when it becomes more decided, Violet ia nnder- 
Btood, I believe, to be a compound of blue with red; and, 
accordingly, the red element being invisible to the color- 
blind, violet hues generally appear to them only aa darkened 
blue. There are, however, examples where, from the red 
being very strong, the blue appears to lose its efFeot; uid 
the impression given is colorless, black, or gray. They 
correspond, in fact, with the neutral red before described, 
although still called violet or purple by the normal-eyed. 
This latter efiect is much enhanced under the artificial light 
of gas or candles. 

"A similar observation will apply to orange, - 
bination of red and yellow, — in which the yellow only is 
perceived. 

" The appearance of green to the color-blind corresponds 
exactly to that of red. Green, in its true aspect, is invisible 
to them ; and, consequently, when neutral, — i.e., unmixed 
with any other color, — it presents to their eyes the appearanoe 
of gray. When, however, it is mixed with yellow (and n 
of the greens in nature are yellow greens), they see tba 
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yellow only, but diluted or darkeoed by the invisible green 
element; and in less frequent CEises, where the green is 
mixed with blue, they see the blue element only in like 



"It is therefore easily understood how so simple a defect 
of Tision g;ives rise to so complex a series of symptoms as 
those already described. Take first the color red. If it is 
ft scarlet variety, as the majority of reds are, presenting the 
appearance of yellow to the color-blind, they may naturally 
confound it with the latter color, as well as with orange, 
with yellow green, and with brown, — all which cause to 
them the same sensation. If, on the other hand, the red 
contains a predominance of blue, it may be confounded, 
on the same principle, with blue or violet. K it is a 
neutral red, lying between the two, it will bo confounded 
with black or gray. A pale pint, though very distinctly 
colored to the normal-eyed, often offers so little color to the 
color-blind as to be mistaken for white or very light gray. 
The Hame explanation will apply to green. Its yellow 
Tarietiea may be compounded with red, orange, yellow, 
and brown ; its blue varieties with blue and violet ; and its 
neutral hue with black or gray, or, if pale, with wiiite." 

These statements o£ Mr. Pole are so valuable, 
aud 80 in accordance with the appHcation of the 
Young-Helmholtz theory of color-perception to 
color-blindness as we now are enabled to analyze 
it, that I can not refrain from quoting Sir. John 
Herschel's remarks in reference to them. We see 
now how the color-blind perceive the colors they 
are blind to ; and therefore it is important to feel 
assured that the red-blind — as, for instance, Mr. 
Pole's — perception of yellow and blue is the same 
as our own or the normal-eyed. Sii- John eaya, — 

"I consider this paper as in many respeota an exceed- 
ingly valuable contribution to our knowledge of the curious 
subject of color-blindness, — first, because it is the only clear 
and consecutive account of that affection which has yet been 
^ven by a party affected in possession of a knowledge of 
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what has been said and written on it hy others, and of the 
theories advanced to account for it, and mho, from general 
education and habits of mind, is in a position to discuss his 
own case scientifically ; and, second, for the reasons the 
thoi himself alleges why such a person is really more 
TOrably situated for describing the phenomena of color- 
blindness than any normal-eyed person can possibly be. 
is obvious that on the very same principle that the.latter con- 
siders hhnsi'lf entitled to refer all his perceptions of color 
to three primary or elementary sensations, — whefJier these 
be red, blue, and yellow, as Mayer (followed in this respect 
by the generality of those who have written ou colors) has 
done, or red, green, and violet, as suggested by Dr. Yonng, 
reasoning on Wollaston's account of the appearance of the 
spectrum to his eyes, — on the very same principle ia a per- 
son in Mr. Pole's condition, or one of any other description 
of abnormal color-vision, quit*) equally entitled to be heard 
when he declares that he refers his sensations of color to two 
primary elements, whose combination in various proportions 
he recognizes, or thinks he recognizes, in all hues preseuted 
to him, and which, if he pleases to call yellow and bine, n 
one can gainsay him; though, whether these terms express 
to him tlie same sensation they suggest to us, or whether his 
sensation of light with absence of color corresponds to 
white, is a question which must forever remain 
(although I think it probable that such is really the case). 
All we are entitled to require on receiving such testimony is, 
that the party giving it should have undergone that sort of 
edacalion of Uie sight and judgment, especially with reference 
to the primitive decomposition of natural and artifloial col- 
ors, for want of which the generality of persons whose vision 
is unimpeacbably normal appear to entertain very confused 
notions, and are quite incapable of discussing the subject of 
color in a manner satisfactory to the photologist. 

" That Mr. Pole's vision is dichromic, however, there c 
be no doubt. If I could ever have entertained any as to the 
correctness of the views I have embodied of the subject in 
that epithet, after reading all I have been able to meet with 
resjiecting it, this paper would have dispelled it. That he 
blue as we do, there is no ground for doubting; and I 
it extremely likely that his seiuation of whiteness ia 
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the same us oura. Whether bia aeusAtioa of yellow corre- 
eponds to oura of yellow or of green, it is imposBibla to 
decide, though tho former aeeraa to be moat likely." 

We thus see that the color-sense of the color- 
blind, may be described as follows : The red-hlind 
Bees all objects of this color of a darker hue than 
they are. The same of the green-blind aa to 
green. Both confound these colors with each 
other and gray. A mixture of white and black in 
proper proportions, to represent the luminosity of 
any shade of red or green, will give the color-blind 
the same sensation as that shade. The violet-yel- 
low-hlind will do the same in reference to all colors 
containing either of these two. Violet-blindness is 
BO extremely rare, and not causing danger on land 
or sea, we may omit special discussion of it. 
Great misunderstanding of the color-blind's sensa- 
tion has arisen from the natural lack of knowledge 
and appreciation of composite colors. Purple, or a 
combination of red and violet, or blue, is rarely 
otherwise spoken of than red in populai' language, 
except when the commercial name "magenta" is 
used. The blue or violet in it the normal-eyed do 
Hot think of, and none would class it with blue. 
The color-blind, however, do not see the red in it 
other than gray ; but, as their vision is perfect for 
Tiolet, they see this in the purple, and so class it 
with blue. Hence the general idea that the color- 
blind confound red with blue, the sky and a rose. 
Pure red they never confound with blue. 
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CHAPTER VI. 

COLOE-CLINDNESS FROM DISEASE OH IN.njEY. 

CoLOB-BLDTDNESS is a cDDgenital defect, and, as 
will be later shown, incurable. It is not connected 
witb any special color of the eyes, or the humors 
within the eyeball. The color of the eye depends 
on the more or less pigment in the iris. The back 
of this little screen is covered with black pigment, 
preventing light passing through it, so that its 
color can have no effect. The ocular humors of 
a color-bhnd person have been found exactly the 
same as the normal-eyed. Whether color-blind- 
ness is caused by some defect in the recipient oi^an, 
the retina, or the perceptive organ, the brain, or 
both, is not yet decided ; and I need not discuss 
the question here. 

It is of more importance to know and remember 
that a similar condition as to blindness to color is 
caused by certain diseases of the eye or brain. 
Ophthalmic surgeons have long known that a loss 
of chromatic sense was associated with a pecnljar 
form of atrophy of the optic nerve, which is 
hereditaiy. Certain constitutional diseases, also, 
cause color-blindness. In some affections of the 
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eye alone, portions of the retina become color- 
blind. As with simple congenital color-blindness, 
the power of form-perception, in chromatic loss 
from disease, may be retained. 

Tobacco and alcohol, either alone or together, 
may finally cause color-blindness. The warnings 
of ophthalmic surgeons have been too little heeded 
on this point. The loss of color-perception is 
often overlooked, as the loss of form-perception 
most troubles the person affected. Excessive 
smokers and drinkers amongst railroad employ(?s 
and sailors may become color-blind when their eye- 
sight is still good enough for them to retain their 
positions, in which perfect color-perception is also 
needed. 

Color-blindness is caused also by accidents, and 
especially by those accompanied with excessive jar 
and shock, as on railroads. There are many well- 
authenticated cases on record where normal color- 
perception was known to exist before the accident. 
Professor Wilson reports a physician who was 
thrown from his horse, and suffered great cerebral 
disturbance. On recovering sufficiently to notice 
distinctly objects around him, he found his percep- 
tion of colors weakened and perverted, and has 
since continued so. Flowers have lost more than 
half their beauty for him ; and he still recalls the 
shock which he experienced on first entering his 
garden, after his recovery, at finding that a favorite 
damask rose had become in all its parts, — petals, 
leaves, and stem, — of one uniform dull color, and 
that variegated flowers, such as carnations, had 
lost their characteristic tints. 
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Dr. Favre reports several interesting cases of 
temporary color-blindness from injury, and saya, — 
" The majority of cases of traumatic color-blindneBa ate 
very analagous to congenital natural chromatic deficiency. 
Railroad employes and sailors are certainly amongst thoee 
wko are most exposed to wounds and contusions. The large 
majority of such are habitually or ocoiisionally charged with 
the observatioa or transmission of orders given by colored 
signals. Railroad officials and naval officers ought therefore 
to have their attention called to the circumstances which 
may at a given moment and for a certain time deprive an 
engineer, a stoker, a conductor, a pointsman, a station-mas- 
ter, a guard, a. sailor at the helm, a lighthouse-keeper, a sig- 
nal-man, or a coast-guardsman, of their correct judgment of 
colors. " 

In illustration of color-blindness from disease, I 
will mention Dr. Hay's case : A young woman aged 
twenty had cerebral trouble, and, with some loss of 
sight, considerable loss of color-perception. When 
asked whether she could see the iigure on her dress, 
which was a calico one with red spots, she replied, 
" Yes, I see the brown xpots" It was ascertained 
she could distinguish forms, eyen of small size, 
with accuracy ; but her perception of colors was 
exceedingly imperfect. Repeated and careful in- 
vestigations during this and on several subsequent 
occasions showed that the only colors she knew 
with certainty were yellow and Hue. Nearly all 
other colors she termed brown, or hesitated to 
name, designating, however, their shades or inten- 
sity of color accurately. Thus a deep red she 
called a dark brown ; a bright green, a light brown ; 
and a very pale pink, a very light shade of brown. 
I was not congenitally color-blhid, and, after 
I BOme mouths of treatment, recovered her form and 
\ Color perception perfectly. She resembled a red- 
l per-Eon whilst suffenngfrom her disease. 
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Tyndall reports a case of Mr. White Cooper's, 
which, as it contains a word of warning, and is be- 
sides very interesting, I will give at length : — 

" The sufferer was a sea-captain, and ten or twelve years 
ago was accustomed, when time lay heavy on his hands, to 
occupy it by working at embroidery. Being engaged one 
afternoon upon a piece of work of this description, and anx- 
ious to finish a flower (a red one, he believes), he prolonged 
his labors until twilight fell, and he foimd it diflSicult to select 
the suitable colors. To obtain more light he went into the 
companion, or entrance to the cabin, and there continued his 
needle-work. While thus taxing his eyes, his power of dis- 
tinguishing the colors suddenly vanished. He went upon 
deck, hoping an increase of light would restore his vision. 
In vain. From that time to the present he has remained 
color-blind. Berlin worsted, with which he had been ac- 
customed to work, he at once and correctly pronounced to be 
blue. He had a keen appreciation for this color, and never 
made a mistake regarding it. Two bundles of worsted 
— one a light green, and the other a vivid scarlet — were 
next placed before him. He pronounced them to be both of 
the same color. A difference of shade was perceptible ; but 
both to him were drab. A green glass and a red glass were 
placed side by side between him and the window : he could 
discern no difference between the colors. A very dark 
green he pronounced to be black ; the purple covering of the 
chairs was also black; a deep red rose on the wall of the 
room was a mere blotch of black ; fruits, partly of a bright 
red and partly of a deep green, were pronounced to be of 
the same uniform color. A cedar pencil and a stick of seal- 
ing-wax placed side by side were nearly alike. The former 
was rather brown ; the latter, a drab. Electric light through 
a green glass, allowed to fall on a screen, gave him no 
color ; but only that portion of the screen was a little less in- 
tensely illuminated. 

"Capt. C. was assured, that, previous to the circum- 
stances related, he was a good judge of colors; so that, pro- 
nouncing on/ any color, he has an aid from memory not 
usually possessed by the color-blind. Indeed, he had an 
opportunity of reviving his impression of red. A glass of 
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this color was placed before his ejea while he stood close to 
tiie electric lamp. On eBtabliehing the light, he a 
claimed, ' That is redl' He appeared greatly delighted tO' 
renew hia accjuaintance with this color, and he declared ha' 
had not seeii it for several jpara The glass was then hel4 
near the 1 ght wh le he went to a d stance 
no color was man fest ne ther as any color seen when a 
gas lamp was regarded through tlie same glass. The ii 
tense action due to pro^ m ty lo the electric 1 ght appeared 
necessiry to p oduce the effect Capt C 8 interest i 
this spenment was creased bv the fact tiiat the Portland 
light, which he has occasion to observe, has been recently 
changed from green to red ; but he lias not been able to> 
recognize this change. The fare in the fore-cabin of a. 
Teasel of hia own, which he now conunands, happens to be 
sixpence; and he is often reminded by the passengers that 
he has not returned their change. The reason is, that hft 
confounds a sixpence with a half-sovereign, both being tO' 
him of the aame color. A short time ago he gave a 
eigu to a waterman, believing it to be a shilling." 

Mr. Haynes Walton says, — 

" A few years ago I was investigating color-appreciation, 
and the first instance of the acquired defect that ci 
my knowledge waa in the peraon of an engine-driver. This 
man confessed, after an accident through his not distin- 
guishing the red signal, that he had gradually lost his colol^> 
power, which had been perfect; and so sensible was he ot 
his loss and its disadvantages, that, before the accident, ha 
had determined to give up the situation. The manager of 
the company, who told me the circumstance, assured m« 
that this driver had been carefully examined but a few yeart 
back, and paased as possessing perfect sight. Does not thi» 
show that those who are to be trusted with color-signalrf 
should be periodically examined? " 

We have thus seen that there is a condition 
■wholly resembling congenital color-blindness, 
caused by disease or accident, and that it may I 
recovered from when the residts of disease or &cai< 
dent pass away. This must be remembered, t 
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color-blindness, when congenital, is incurable. To 
the ophthalmic surgeon color-blindness is a recog- 
nized symptom of certain affections. This is a 
question discussed in ophthalmic literature, and 
out of place here further than I have introduced 
it. The abuse of alcohol and tobacco is too com- 
mon not to render possible color-blindness from 
this cause among railroad employes and sailors,— 
a point at least to be remembered. 
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CHAPTER Til. 

oolob-bukbness hebeditabt. 

liEE all other congenital defects, eolor-blind- 
1 hereditary, which explains the large ratio 
[olor-blindness individual observers have found 
happening to include one or more color- 
Id families in their statistics. In 1845 Dr. 
ly Earle reported the color-blindness of five 
ferations of his family as follows: — 
If tlie first he knows nothing as to their color- 
Idness. 

Tecond: of seven brothers and eight sisters, 
brothers had the defect. One was Dr. 
lie 'a grandfather. 

■hird generation, — children of the graud^ther, 
iree brothers and four sisters : no one imper- 

Bourth generation, — first family of five brothers 
1 four sisters : two brothers color-blind, 
lecond family of one child (girl) : normal color- 

iiiiily of seven brothers: four had ooloi- 

■ululIi, uot reported. 
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Pifth family of three brothers and seven sisters : 
all perfect vision. 

Sixth family of foar brothers, five sisters : two 
of each sex color-blind. 

Seventh family of two brothers, three sisters : 
the two brothers color-blind. 
Eighth family : no issue. 

Ninth family of two sisters with normal color- 
[ perception. 

Seventeen of these people of the fourth genera- 
tion are married, and have fifty-two children. 
Many of the latter are very young (1845) ; and, 
as the defective perception has hitherto been de- 
tected in but two of the families, Dr. Earle places 
3 alone on the hat for the fifth generation. In 
one of these families of tliree brothers and three 
Kfiifltera, one of the brothers has the defect ; and in 
the other a male, an only child, is similarly 
affected. We have therefore, in these thirty-two 
males, eighteen color-blind. Of the twenty-nine 
females, two are color-blind. 

The overleaping of one generation by the hered- 
titaiy peculiarity of vision is satisfactorily shown, 
pBrnce it appears that there are no eases in the 
third generation. Furthermore, in the cases of the 
two males of the fifth generation, it will be per- 
ceived that neither parent nor grandpai-eut had 
I the defect; so that there was an interval of two 
generations between the manifestations of that 
defect. 
Dr. Earle regrets he is unable to give me a fur- 
ther report of his family to this time (December, 
1878). 
Such methods of testing as are now only consid- 
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ered to be absolutely certain would, perhaps, have 
revealed varying degrees of color-blindness in other 
members of these families. 

The first case ever reported, the shoemaker Har- 
ris, had three brothers color-blind also, whilst two 
other brothers and a sister .were free irom the de- 
fect. Dalton had a brother color-blind like him- 
self, another brother and a sister normal-eyed. In 
one of Dr. Nichols's cases the defect was derived 
from the maternal grandfather, some of whose 
brothers were also color-blind. In fact, hardly 
any of the older cases reported did not show that 
it was a family peculiarity. Wartman says, — 

" With respect to affinity, there are some color-blind no one 
of whose kindred exhibits this anomaly of viBion. Othera 
have, so to speak, inherited it from their father or their 
uncle, either paternal or maternal (without, in the latter 
case, the aunt participating in it). Lastly, it is not rare to 
find brothers, several of whom are color-blind, without their 
being all necessarily so. The sisters are almost always 
privileged." 

We must, however, remember that, so long ago 
as when Wartman wrote, this defect was rather 
regarded as a scientific curiosity, not particularly 
affecting practical life. The blood-relatives of a 
color-blind would therefore rarely be hunted up 
and tested. 

Cunier, moreover, in 1838, reports the case of a 
lady who was color-blind. Her mother and two 
bisters were the same. Her brother was free from 
the defect. The lady had six children, — one son 
not color-blind, and five daughters affected like her- 
self. The oldest daughter had four children, two 
of them (girls) color-blind. The second daughter 
had a boy and a girl, the latter colorblind. The 
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fourth daughter unmarried. The fifth left a boy 
myopic, but not color-blind. Wc thua have the 
remarkable instance j)f color-blindness appearing 
only in the females of a family for four genera- 
tions. Dr. Pfa. Hochecher says, — 

" Slany observers have shown colot-tlindness to be hered- 
itary. I am DOt the only color-blind in my family. Three 
of my mother's brothers are so, one of my cousins, and a 
nephew. The same is the case with one of the students, 
whose case I report. He is color-blind, his mother, and his 
mother's brother, as was also his brother, now dead." 

Heredity was frequently very marked, known, 
and reported on among the many people who re- 
plied to Professor Wilson's inquiries. He even 
says, — 

"No fact is better ascertained than that color-blindneaa 
clings to certaiQ families, and is hereditary. With few ex- 
ceptions, every one of the parties whose eases I have spe- 
cially recorded in this paper has near relatives aa color-blind 
as himself. It seems, indeed, a safe estimate, that every 
decided case of color-blindness implies the existence of 
another case of eqnal or similar severity in the person of a 
relative ; so tbat the numbers I have given as representing 
the proportion of color-blindness in the community nay be 
fairly doubled." 

My own experience agrees with Professor Wil- 
Bon. Few of the adult color-blihd whom I have 
tested did not know of some blood-relative simi- 
larly affected. It has been found prevalent with 
the Jews, among whom intermarriage and conse- 
quent hereditary peculiarity is very frequent. 

Professor Horner of Zurich has given the data 
on which he based the law of transmission of 
color-blLadness, and they are of such value in ref- 
erence to heredity, that I introduce them here 



J 



58 COLOR-BLINDNESS : 

with the remarks aceompT,nviiig liis original ar- 
ticle. He says, — 

" The heretUtarineas of color bbndness his been long 
kno'wn. Ribot and Darwm speak of it, as also thit it is 
more frequent in men than wompn As I havp had oppor 
tunity of being familiar with very -iccuritc pedigrees vihjch 
illustrate a definite law, I will give the results of these gen- 
ealogical researches. 

" The first family I became acquainted with some years 
since. In tho following Table I., the male descendants are 
marked with M, and the female with W. The generations 
go from A to G. The letter of the particolar generation 
stands beside tiio letter for the sex. To simplify the tables, 
the unmarried daughters, and the brothers and sisters whose 
descendants could not be followed, are omitted. I would, 
however, expressly say that this omission only affects the 
result in that the law appears more marked, not that an 
exception to it is thereby concealed. For instance: if, in 
generation D, several unmarried normal-eyed daughters, in 
generation G some normal-eyed sons not yet married were 
included, it would ha^e further illustrated the law, but bave 
rendered the scheme more difficult to express in print. 

" From the youngest generation H, the tree is quite cer- 
tain up to generation C. I have the proofs of this, from 
those who were living in the commencemeut of the eight- 
eenth century. From here upwards the conclusion as to 
J origin is hypothetical. We know nothing of 
the color-blindness of A. He was the father of two daugh- 
ters, who have red-blind sons. From the evident law among 
the descendants, it is fair to conclude that the mothers were 
not color-blind, hut the grandfather was. At any rate, the 
table, even if we omit the upper row aa hypothetical, is of 
much interest, and plainly shows, — 

" 1st, That there were no color-blind girls. 

" 2d, That color-blind fathers had normal-eyed sons. 

"3d, That color-blind sons had normal-eyed mothers. 

"4th, That the seeming exception in generation F, where 
a color-blind father had a color-blind son, is explained aa 
still in conformity with tlie law when we reciill that ths 
mother, color-blind, was tho daughter of a color-blind father, 
e have the descendants of two color-blind. 
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" 5th, The general law is, therefore, ' that sons of daugh- 
ters whose father was color-blind are most likely to be the 
Bame, although not without exception (vide H) j or, color- 
blindness is transmitted in the revertible t3fpB from grand- 
father to grandchild.' 

"I have become acqTiaiuted with another family tree 
which gives, although to a lesser extent, the same type, I 
place it without comment with the other, calling attention 
to only one interesting fact ; namely, a jump of two genera- 
tions. The first daughters of generation B bore only girlB, 
whose sons followed their great-grandfather's type. In this 
smaller pedigree it is seen that in generation C and D the 
transKiiasion to the grandchildren is not absolute i so that it 
is the complement of Table I." 

Cohn found, among his one hundred color-blind, 
three times the father red-blind, fifty-six times the 
parents normal-eyed ; in fourteen cases the broth- 
ers color-blind ; once the father and three sons. In 
no case were all the chUdren color-blind. A color- 
blind father had seven cbildren, all normal-eyed ; 
but the mother's brother, a cousin of the mother, 
and all the sons of this cousin's only sister, color- 
blind (none of the daughters). 

Dr. Magnus says, — 

" The hereditarinesB of col or- blindness has been known 
as long as the defect itaelf. All who have seen many color- 
blind will have often noticed that it was in their mother's 
family that other cases wero found. I have frequently been 
assured that this or that cousin on the mother's side was also 
color-blind ; and, now and then, that a more distant relative 
of the mother had also color-blind sons. In view of Homer's 
law, this is readily explainable ; and this peculiar law is all 
the more interesting since we find that it is the same in ref- 
erence to the heredity of other physiological abnormities or 
defects. For instance, we know that in families the ten- 
dency to bleeding is similarly handed down, and also, as Dr. 
Pagenstecher has recently shown, night-blindness. It would 
seem as if this law of heredity had a more general Spplica- 
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tion. It would be moat valuable if family phjsicianB, who 
know and obaerve their patients' families for several genera- 
tions, could iaterast theinBelves in carefully elucidating Hie 
extent of this important law. 

"Naturally this law does not exclude the possibility of 
other ways in whiah color-blindneBs may deEcead. In some 
oases I have with certainty found that a color-blind father 
begat color-blind sons. I remember nowtwo cases in which, 
a color-blind father had two color-blind sons." 

In a later publication Dr. Magnus says, — 

" The effect of heredity is very marked in m.y examina- 
tions. Of ninety-five color-blind, whose families I could 
inquire about in reference to this point, I found it in forty- 
two. Five times the parents were nonnal-eyed, but the 
grandfather color-blind, and in three of these cases the 
father of the mother. Riite, in 1845, said, ' The defect is 
hereditary, and, peculiarly enough, rather through the wo- 
men than the men. For example ; the maternal grandfather 
transmits to the grandchildren.' A very interesting proof 
of this law I have lately received by letter from. Profeaaot 
Valentine of Berne, Nov. 5, 1878, who writes, ' I naturally 
can have no opinion as to Ilomer'a law. I only know one 
oaoB near me which supports it. Professor F., formerly 
here, was color-blind: his children are not. He had fiva 
daughters, who are aU married. Their children, so far as I 
could trace, are mostly color-blind.' " 

Again Magnus says, — 

" I have also among my color-blind found with certainty 
six times that the maternal relatives were color-blind, and 
it was inherited through them. In three of these cases it 
I was the mother's brother, maternal uncle, who was color- 
blind. Two sisters each had a color-blind son, one of whom 
I tested. Two cousins, daughters of two sisters, each had 
a color-blind son. I do not, therefore, think it too hasty 
to aaythat the color-blind inherits hia defect very frequently 
from hia mother's family. She will be normal-eyed, and 
transmit color-bliadness to her aoDS, but not to her daugh- 
ters." 

Beeidea the very many times I was told by those 
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I tested of some relative being supposed to be 
color-blind, I had direct testimony from my own 
observation, or testimony of a character I could 
depend upon, in the foUovring instances: Sixteen 
times brothers being color-blind ; once, father and 
son ; maternal grandfather and two grandchildren, 
boys, — three sisters not so ; maternal grandmother 
and grandson ; mother and son ; male cousins 
twice ; twin brothers red-blind ; of two brothers, 
one red, the other green blind ; a lad, his great- 
uncle and grandfather ; three brothers out of five 
color-blind, but none of their children ; two broth- 
ers and maternal uncle ; three brothers out of 
four eoior-blind, the other too young to test. 

I have thus called especial attention to color- 
blindness being hereditary, as it has a direct bear- 
ing on the important question of the frequency of 
the defect, upon which of course depends the com- 
parative danger to the commimity at large. 
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CHAPTER Vm. 

PHYSICAL PECTTLIAiinrES CONiTECTED 'WITH 
COLOE-BLIKDNESS. 

I HAVE Spoken of the improbability of the color 
of the iris or hair having any connection with 
color-blindness other than accidental. My own 
observations on more than 430 color-blind induce 
me to discard this at present from fuxther thought. 
In this Cohn agrees with me. Where Hght hair 
and itides are in the majority in the community, 
they will be so found among the color-blind. 
Magnus recorded 48 among 93 color-blind with 
black, brown, or dark hair, and 45 with blonde ; 
28 had yellowish-brown or yellowish-gray eyes, 
and 65 blue or bluish-gray. Seebeek, in 1837, 
found 10 of his 12 eases had blue eyes, but wisely 
remarks that it is probably simply due to the fact 
that such are most frequent among all northern 
nations. There seems to be nothing gathered 
from testing the refraction or accommodation of 
color-blind eyes. The results are those to be 
obtained from the examination of the same classes 
as the color-bhnd belong in. The visual power is 
apparently the same as with the normal-eyed ; but 
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I have seen very extraordinary visual power of 
form associated with color-blindness. As to the 
ear and musical power, I can say nothiug from my 
own observation. Magnus could obtain nothing 
decisive on this point. 

In respect to parental relationship, I can only also 
quote MagTius and Cohn. The former, amongst his 
94 color-hlind, found but six times the parents 
related, — always cousins. This point is worth 
studying ; but deductions should he made with 
great caution. Cohn also found six times the 
parents related. Five times they were cousins. In 
one case the father had no color-blind children by 
a wife not related to liim. His second wife was 
his cousin (their mothers being sisters), by whom 
he had two color-blind sons. 

There is one other physical peculiarity which 
has been connected with color-blindness ; and that 
is a contraction of the forehead, and consequently 
of the anterior lobes of the brain. Niemetscheck 
measured the distance between the pupils of four 
color-bhiid, and found it to be 49, 50-54 mm. 
From this he deduced the idea that the brain mass 
antcriorily was proportionally smaller; and here 
was where the phrenologists placed color-percep- 
tion. The idea was supported by Aubert ; but 
Dr. Cohn measured bis one hundred color-blind, 
finding the distance between the pupils thus : — 

5i-50 mm. in 20 scholara 0-13 yeara old. 
58-62 mm. in 60 scholara 9-U yeara old. 
63-110 mm. ia 18 scholars 12-22 years old. 
07 mm. in a. color-blind 67 years old, and 70 mm. in one 
40 yeara old. 

His conclusions, therefore, are that, "had Nie- 
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metscheck found protrusion of the eyeballs in hia 
eases, he eould as well have connected it with 
color-blindness." 

Professor Pfluger, in Berne, measured the dis- 
tance between the pupils of 1,846 normal-eyed 
children, and found in those between 7—14 years 
this to he 54-59 mm. ; in those between 15—19, 
to be 59-62 mm.; also, in older students between 
20-22 years, he found it was 61-63 mm. Cohn 
therefore claims rightly that his color-blind had 
rather a greater distance between the pupils than 
the normal-eyed of the same age : hence the theory 
of Niemetacheck is not true- 
Professor Holmgren also reports in 1878 his 
measurements of the distance bet\yeen the pu^a 
of 100 color-blind. He employed an insti'ument 
he had specially arranged for this purpose. He 
also finds that there is no measurement of thla 
kind characteristic of the color-blind. 
Professor Wilson said in his book, — 
*'I have to uotioe a singular expression in the eye of cer- 
tain of the color-blind, which may assist in their detection. 
It is difficult to describe it, and it is wanting in well-marked 
cases. But various of the color-bliiid, whose cases I have 
described, have presented a peculiaritj of look, which 
others have recognized on their attention being drawn to it. 
In some it amounted to a startled expression, as if they 
were alarmed ; in others, to an eager, aimless glance, as if 
seeking to perceive something, hut unable to find it ; and, in 
certain others, to an almost vacant stare, as if their ejea 
were fixed upon ohjeets beyond the limit of vision. The 
expression referred to, which is not at all times equally pro- 
nounced, never altogether leaves the eyes which it seema to 
characterize." 

In the appendix he also says, — 

"I have had the opportunity ol observing it somewhat 
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particularly in four gentlemen not relatives, in two of whom 
it waa readily recognized by others. All the parties referred 
to have healtliy eyes, and excellent vision for every thing 
bnt color. One has an ahsent, anxious glance, with some- 
thing of the expression which amaurosis gives, only the 
pupil ia small. One has a startled, restless look. The 
other two have an eager, pryiug, aimless air. The charac- 
ter common to them all, and to the other cases I hare seen, 
ia this aimlessneaa of look. Macbeth'a reference to Ban- 
quo'a ghofit, — 

n those eyes 
with," — 

very happily expresses the peculiarity which I And so diffi- 
cult to define. It has not, however, in most cases, any thing 
repulsive about it. The majority of those I have seen pre- 
aenting it would be described as having fine eyes. In one, 
the -wistful, somewhat melancholy, but pleasing expression 
of his eye, had attracted my attention long before I knew 
that he was color-blind." 

I can recall something of what Dr. Wilson de- 
scribes in reference to two or three of my color- 
blind acquaintances, but, on the contrary, not at 
all in reference to others. I recognize his difficulty 
of describing just what it is. I doubt if I should 
have noticed it, or at least connected it with color- 
blindness, except for hia remarks in reference to 
it. Had he spoken of suoh a look or peculiar 
expression on the part of the color-blind when 
being examined, I could corroborate it from my 
experience with both adults and young persons. 
I have now and then made my diagnosis correctly, 
from a peculiar dazed, half-anxious expression of 
the face and eyes of a looker-on awaiting his turn, 
as if they were called upon to do something unu- 
sual, and sought or expected further explanation 
than that given the normal-eyed. I do not, of 
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mean the natural nervousness of those 
pons of some defect ; but of those color-blind 
Biad no idea any thing was wrong with their 
latic sense, and who often proved difficult to 
I believe no other observer than Pro 
■ Wilson lias remarked on or recorded any 
I of the kind. 

I to nationality, I have but to say, that, in our 
\ population, nearly every European nation 
fcresented. An opinion was expressed long 
|that the defect did not occur in the colored 
My opportunity of testing them has been 
Jvery small. Among 102 colored schoolboys 
Bud 2 color-blind ; among 94 colored sehool- 
I none. 

Ihilst this volume is in press I have heard from 
, M. Burnett of Washington, D.C., who 
lad an opportunity I could not obtain. He 
!sted, by Professor Holmgren's method, 1,359 
led schoolboys, and found 22 color-blind (or 
■nt) ; also 1,691 colored schoolgirls, finding 
l2 color-blind (or 0.11 per cent). This smaller 
Intage among the boys may be due to variona 
aside from the difference of race. More- 
I larger numbers may entirely c 
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CHAPTER IX. 



I 



FBEQUENCT OF COLOIt-BLINDNESS IN MALES. 

As the magnitude of tie danger depends, of 
course, on the frequency of the defect, it becomea 
important to tnow in what proportion of the com- 
munity color-blindness is likely to occur. Very 
Tariable statistics are given by different observers, 
depending largely upon the methods of testing; 
the more thorough and scientific these latter are, 
the greater being the number of color-blind indi- 
■viduals found. Mistakes of excessive ratio re- 
ported are now better understood and avoided, 
since we know color-blindness runs iu families, 
and is hereditary. An observer might thus find 
10 out of 40 individuals examined color-blind. 
Let us glance at the statistics, such as they arei 
reported by the earlier observers. D'alton found 
8 to 12 per cent ; Professor Pierre Prevost, 3 to 5 
per cent. Professor Kelland of the Edinburgh 
University found, among 151 students, 3 " thor- 
ough Daitonians," and several less well-marked 
cases. Wilson again found 2 among 20 students, 
1 among 47 other students ; on the Edinburgh 
police, Jive among 158, Dr. Rowe, at the Morning J 
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side Asylnm, foand 5 among 42 male attendants. 
These I quote bom Wilson. Seebeck found 5 
color-blind among 100 students. Professor Allen 
Thomson met wit)i the same result as Dr. Wilson, 
as also D Hombre-Firmaa in. France, and Professor 
Dove in Berlin. Dr. Wilson also examined a 
large number of soldiers, who, together with those 
above spoken of as tested by turn, amoiint alto- 
gether to 1.154 persons. Amongst these all, 65 
were color-blind, an average of 5.6 per cent, or 
1 in 17.7. The red-blind were most numerous 
throughout all these. This proportion has been 
now admitted by Professor Helmholtz. Wilson 
said, in 18S4, — 

"The statistics of color-blindneas are as yet very imper- 
fect, and do not inclade feroales; but there is CTer; reason 
to believe tliat the nuiaber of mates in this country (Eng- 
land) who are subject in some degree to thb affection is not 
less than 1 in 20, and that the number markedly color- 
blind — i.e., given to mistake red for brown, brown for green, 
porple for blue, and occasionally red for black — is not lera 
than 1 in 60. We may thus, according to our preaent 
knowledge, regard (leo in every hundred of the coiaiuunity 
M teriouiCn defective in their perception of color." 

Dr. Gotibert estimates 1 iu 25 color-blind. 
Dove, in his memoir of 1872, gives the following 
"figures; Among 860 men, there were 40 color- 
blind, 4.65 per cent, or 1 iu 21.5 ; among 611 
Women, 5 color-blind, or 0.82 per cent, or 1 to 122. 
Among 1,01G scholars at the Lyons Lyceum, he 
found 10 color-bUnd for red and green on a visit 
made in April, 1877. 

The last report of Dr. Favre, of the Lyons 
Mediterranean Railroad, gives the results of ex- 
aminations of railroad employes since 1855, It 
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1I10W8 also how more careful testa discover a 
_ 'eater proportion of color-blind persona. Dr. 
!lFavre, up to 1855, liad examined about 5,000 can- 
•^dates for railroad-work, and rejected more than 
60 for being redrblmd. He had not, unfortunatelj', 
kept accurate records. From 1855 to 1864 he 
noted 8 color-blind only, which number does not 
ipond with the number of men examined. 
From 1862 to 1872, among 1,196 persons, he re- 
. fused 14 color-blind who could not tell red. From 
■May, 1873, to July, 1875, his examinations were 
'more particular and exact ; and he found, among 
1,050 persona seeking railroad employment, 98 
who made decided blunders, or hesitated : 10 were 
refused for being red-bliud. His new series since 
1875 comprises COO examinations : the results of 
these he has not yet sent me (January, 1879). 
728 men already in employment were examined in 
1872-73. More than one-third of these had been 
previously tested for color, and the red-blind ehm- 
inated. Of these 728, 42 either made mistakes or 
repeated hesitations. Among 224 conductors ex- 
amined by Dr. Favre and M. Git, 14 were found 
decidedly color-blind. In 1874 he found- 4 color- 
blind among 75 ofQce-clerks ; the same year, 24 
among 65 firemen at the Perraehe gas-works. At 
the Ouilhna works, among 148 workmen whom 
he examined in August, 1877, 82 told the five 
elementary colors without error or hesitation ; 56 
either hesitated or made mistakes. May 7, 1877, 
among 155 students at the veterinary school at 
liyona, Dr. Favre found 19 hesitate or make mis- 
takes. Examining, with Capt. Bellecour, 268 sub- 
officers and men of the Sixteenth Une, he foimd 
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105 color-blind or color-deficient. Among 188 
men of the Twenty-second, Twenty-third, and 
Ninety-ninth line, M. Paul Guillot found 37 color- 
blind. Lieut. Gallet of the Twenty-sixth Artil- 
lery, in garrison at Mans, examined 116 young 
soldiers, and found 32 who hesitated or made mis- 
takes on a color-scale of 15 shades. Lieut. Lau- 
theaume found 40 color-blind among 132 men of 
the train of the Twenty-sixth Artillery. The 
average among this series of 654 young soldiers 
was 32.72 per cent. Dr. Mourand, among 200 
men of the Lyons station, found 7 color-blind. 
Dr. Favre says his colleague must have noted 
only the most marked cases. 

Dr. Feria, in his pamphlet, and more recently in, 
a communication to Dr. Favre, reports having ex- 
amined 775 officers and sailors, amongst whom ha 
found 75 color-blind : 19 wholly confounded reel 
and green. The average of this scries is 10 in 100., 
Of all the adults Dr. Favre examined, the average 
was 16.84 to 100. He says, — 

" The results will vary greatly, being dependent on maay^ 
ciroumatancea and pepuliaritieB I shall hereafter notice; butt 
TCe may be a^ured, that in France the color-blind amount. 
to ten in ono hundred of the adult malea. . . . The stady of . 
color-btindnesa interesta at least a tenth of our population 
(France). This very large proportion gives us 
of the chances of error the color-blind run in tbe various 
industriea where good color-perception ia necessary 
ful. It doea not, of course, give ua an exact idea of tlie 
chances of. accident at sea and on railroads, on account of 
the accessary circumstancea which aid the color-blind ii 
embarrassmest ; but it shows us plainly how numerous the 
chances are." 

Dr. Favre also reports the results he received 
Tom a friend in Algiers, who tested, ■with great 
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care, 693 persons, and found as follows : Among 

203 Kabylea, 5 eases of coIor-bUndness; in 95 Bls- 

I ki-ia, 4 cases ; in 81 negroes, 1 case ; in 23 Jews, 1 

case ; in 15 Spaniards, none ; in 62 Italians, 1 case ; 

f in 15 Mozabites, none ; in 12 Maltese, 1 case j in 8 

Tunisians, none ; in 19 Europeans, 1 case, — in all, 

19 cases among 693 persons examined, or 2.75 per 

- cent. 

Dr. A. Lederer has lately found 63 color-blind 
persona amongst 1,312 men of the Austrian navy, 
or 4,8 per cent. 

Dr. Fontenoy found 31 eolor-blind out of 1,084 
I railroad employi^s of Denmark, or 2.87 per cent. 
Professor Donders of Utrecht, Holland, found, 
among 2,300 railroad employes, 152 color-blind. 
Dr. Stilling of Cassel, Germany, found, out of 
t 400 railroad employes, 6 per cent color-blind. 

Dr. Krohn, in Finland, found, among 1,200 rail- 
road employes, 60, or 5 per cent color-blind. These 
and other reports of railroads I shall return to 
hereafter. 

Professor Quaglino of Milan, Italy, writes me 
I (Aug. 11, 1877),— 

" It has been generally believed that color-blindneas is 
re rare in Italy tbnn in Germany, England, or France; 
I but I much doubt this, as there has been little research 
I «nong ns, and I thick that a large amount will be found 
f yieTe it carefully looked for." 

Dr. Daae of Kragero, Norway, found, amongst 
I 205 schoolboys, 4.88 per cent color-blind. 

Dr. Cohn found, among 2,429 schoolboys of 
I Breslau, 95 or 4 per ceiit color-blind. 

Dr. Magnus found, among 3,273 Breslau sehool- 
)oy8, 8.5 per cent color-blind. 
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■ofessor Ilnliugren, in Sweden, found, amoog 
55 males, 1,019, or 3.25 per cent color-blind. 
r. Minder of Berne, Switzerland, found, among 

E9 niiilea, 95, or 0.58 per cent color-blind. 

recapitulate the larger numters and more 

fent examinations : — 
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All these examinations were made by Holm- 
gren's method with the colored worsteds, to be de- 
scribed later in this volume. The division into red. 
and green Llindness of the first thirty-five hundredf 
I am not as sure of as that of those afterwardsj 
for reasons I have stated in my last chapter. I 
have followed Professor Holmgren, and my resultE 
correspond very nearly with his and those of 
observers who have also been governed by hi( 
directions. 

My work so far has been rather the collection of 
statistics, and the dissemination of a knowledge 
qf color-blindness, than a study of the defect itself 
except in individual cases. I am, therefore, merely 
presenting its frequency here, which can as well be. 
determined from school-children, since a person 
born color-blind dies so. 

My friend, Dr. Magnus of Breslau, from hil 
own and Professor Cohn's reports of their examii 
nations of the school-children above quoted, cott 
eludes that color-blindness is more frequent as w( 
descend the social scale, and also more frequeal 
amongst the Jews. Aa to this last I was unabU 
/ to decide whether the schoolboys were Jews cA 
I not. In regard to the former, — viz., the greats] 
frequency among the lower classes, — I was but 
prised to find this did not hold in our commanit| 
of mixed races, nor did it among the schools when 
the race was more purely American. Parentag< 
I could not record; but, in a general way, I shoulo 
say the percentage would be as high or highei 
among American-born children. My work hai 
satisfied me that we cannot draw safe deductioni 
from a few thousand examinations, but must pa 
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tiently wait till our lists contain enough to elimi- 
nate sources of error from inadequate data and, so 
to speak, possible local causes. 

I have made no column of violet-yellow-blind- 
ness, as, besides some very doubtful, I can but 
report three eases; and these I have allowed to be 
recorded under " partially color-blind." These 
three cases I carefully esamiued agaiu, and found 
that whilst the red-green perception was not, per- 
haps, perfect, — so that, on that account, they would 
propably have been classed among the " partially," 
— yet as to violet yellow they were wholly blind, as 
shown by Holmgren's worsted test. In one case 
there was reduced color-perception for all three 
of the primary colors, — red, green, and violet. I 
have no doubt, that, to many of my color-blind, 
the spectrum would be more or less shortened at 
the violet end. Many were too young to thus test, 
and that, moreover, was not the purpose of my 
work at the time of examination, 

I should add here that I made no examination 
or record of the exact visu^ power for form of the 
color-blind I found, as it is wholly uncalled for by 
this method of testing. They were teachers, stu- 
dents, or scholars at work with their eyes. Nei- 
ther did I have to regard whether they were nor- 
mal-eyed, old-sighted, near-sighted or over-sighted 
(presbyopic, myopic, or hypermetropic), since we 
need not correct errors of the refraction of the 
eye when thus searching for color-bhndness. 

I have not given the percentage of the thirty- 
one "other adults," as some came to me suspecting 
or knowing of their defect. There were, however, 
only three of these. The others were accidental 
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linnations amongst acquaintances or patients 
Icmployijs. I omit also the epeeial percentage 
■ic :irt-sciicol. 

■le insfTLictors and students of the colleges I 
m added together, to better eliminate sources of 
Irs, as I did not examine all the students of any 
lof these institutions. 

Ii the st^atistical memoirs of the United States 
■tary Commission, published in 1869, are the 
■ other examinations I know of made in this 
Bitry. The method of testing — viz., holding up 
le» of coloied cloth, &c., and asking the names 
■lie color — -was, of course, very crude and un- 
■Ijle. I, however, introduce the report here. 
I compiler, Dr. B. A. Gould, says, — 
Keriouj misimderstandings or calamities have been re- 
Id in the army, resulting from mistakes in the color o{ 
li and red lights by oflScers of the signal corps, them- 
Is not fully aware of their failing in this respect ; and 
I have ocoLiired when ludicrous and even disastroua re- 
I have follovved the use of a badge of precisely the 
Ig color." 

Bisfcructions were issHed to test for color-blind- 
I ; and, in the reports received, " the deserip- 
K of the irregularities manifested in distinguish- 
I colors are, in general, neither complete nor 
Ruate, owing propably to insufficiency of the 
Juctions given." Among 8,831 white men, 
Iwere fuimd color-blind, equal to 0.02, This 
■1 ratio is, of course, due to the crude method 
Ixaniiaing, which would only detect the most 
■cetl cases of color-blindness. Dr. Gould 



N'otivillistanding the incompleteness of the descriptions 
nfd, and the consequent inadequacy of the claasifica- 



ITS DANGEES AND ITS DETECTION. 79 

tion, the well-known fact is distinctly manifest, that the 
most usual form of color-blindness is that which fails to dis- 
tinguish between the green and red, and that the confusion 
of colors sometimes embraces the other half of the spec- 
trum, and sometimes its entire range." 

The great variation in the ratio of color-blind 
persons, reported by diJBFerent observers, is readily- 
explained by differences in the accuracy of the 
method of testing. 

In testiog color-perception by the sun's spec- 
trum thrown on a white surface, the color-blind 
observer will see the color he is deficient in over 
a smaller surface. Dr. Edward Rsehlmann, in 
Halle, reports the test of 70 people with the sun's 
spectrum. He found only 30 of them saw the 
red normally: the others varied in their red-per- 
ceptive power. He tested only 20 as to the violet 
end of the spectrum, and found remarkable short- 
ening of the visible portion for this end also. He 
noticed, besides, that, when the red end of the 
spectrum was shortened, the violet was also re- 
duced, limiting the spectral row of colors on both 
ends. 
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I CHAPTER X. 

RqUENCY or COLOE-BLINDNESS IN FEMALES. 

Bin article written in December, 1877, on the 
Irs of color-Llindness, and published in the 

I Annual Report of the Massachusetts State 

I of Health, I stated, — 

Mias been frequeatly said that color-blindnesa was lesa 
In among femulrs than males. This is priAahly incor- 
Id dun ici th^, iMi that such a defect is of more im- 
He with the female sex, and therefore more carefully 
led. They have not been tested as males have ; and 
Bkely future statistics, based on true methods o£ test- 

II reverse the now quite general impression as to tiieir 
I better color-fierception, and hence to be preferrad, 
Admissible, as railroad employ i^." 

B doubt was also based upon the fact that we 
lad no large auraber of reliable statistics to 
I the contrary, but more especially 1 
Ids of testing for color-blindness in i 
leen employed, calling upon the oheerved to 
I colors shown, which females, &om habit, 
lunquestionably do with greater facility than 
land hence fewer appear deficient in colore 
Ition. Prnfotsor Wilson, in his "Researches 
■or-Blindness," says (p. 75), — 
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"I have no resnlta to offer respecting the prevalence of 
color-blind aesa among femolea. I have already stated my 
conviction that it 13 rarer among them than among males; 
but only an estemled inquiry can show the amount of differ- 
ence in this respect between the sexes." 

In a note in his Appendix (p. 164), he adds, — 
" Since the text was written, I have been informed of a 
few more cases of color-blindness among educated womeu 
in England. The general tendency, however, of my later 
inqciries, as of my earlier ones, is to show that color-blind- 
ness is very much rarer among women than men." 

Dr. A, Favre, in an article in the " Gazette 
Hebdotaadaire," Oet. 12, 1877, says, — 

"We have tested very few adult females, from the diffi- 
cnlty of Buch examinations, but more especially because the 
majority of women readily acqnire an exact notion of oolora, 
and they do not belong to the professions where color-blind- 
ness is dangeroua : hence they do not interest ub mora in an 
industrial than a medical point of view. Among 23G giris 
of four schools (three in Lyons, one in Paris), we found 8 
children only who made serious mistakes ; namely, 3.33 per 
cent. In the ' sallcs (TaiiUai ' and the infant-schools the errca:s 
were as frequent among the little girhi as boys." 

It must be remembered that Dr. Favre reported 
an enoi-mous number of children of both sexes as 
color-blind; but he tested tbem by asking the 
names of the colors of objects held up before 
them. He found, as may be readily imagined, 
many of the yoimgest children of both sexes una- 
ble to answer correctly ; whilst, among the older 
children, the girls had naturally leai'ned the names 
■>f colors better than the hoys. This, I think, is 
all that his test proves, as I shall hereafter show. 

In 1860 Dr. Henri Dor of Berne tested in Berlin 
611 women, using a method similar to that of Pro- 
iJetssor Holmgren ; namely, the sorting of colored 
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Ith the result of finding only 5 — or 
lit, or 1 in 122— color-blind. This 
I not call upon the examined to name 
1 the eye alone, not memory, guides 
■ts value is shown by the results it 
lips these investigations of Dor should 
Ited luj Joubting the less frequent 
f color-bUndness in women than men. 
, however, to stand somewhat alone, 
fciently extended. 

Holmgceu, in his recent work oo color- 
lichea oil this point; and, as his expe- 
what he says of special value, I 
Larks : — 

I conclusions from the statistics of the esam- 
fcn hitherto made, we must first of all asoer- 
|thod of testing was such that the previous 
examined had not affected the results 
I if the method was baaed on the principle of 
'9 of the colors of objects exhibited, and the 
m of the peraon examined judged by the reply, 
jTident that the proportion of color-blind will 
1 than men. Admitting that color- 
romen than men, we are by no 
attributmg this to their greater familiarity 
y colors. If exercise can have any such infln- 
jeen, cure the individual, bat 
t offspring, as employment insensibly affects 
i. The laws of heredity are too little 
i to indicate, or even conjecture, how thia 
e do kaow with certiinty that good quali- 
I defects ara transmitted, and amongst the 
(include color-blindness. We believe,' more- 
i sense may favorably affect 
Igh it is difficult for us to prove this." 

Bsent moment observers in Europe are 
Question of the relative color-blindness 
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of the two sexes. Their results, where Professor 
Holmgren's method iiaa heen employed, are of 
great value. A number of reports of this character 
have come to my hand. Dr. E. Hansen of Copen- 
hagen found rone color-blind among 50 female 
railroad emjloyfis. Dr. A. Daae of Kragerii, Nor- 
way, also used Holmgren's method with the wor- 
steds in examining 413 school-children of both 
sexes, from nine to fifteen years of age. Amongst 
208 girls be found none color-blind, and only 5 with 
imperfect color-perception. He says, — 

"The better color-perceptioc of tke girls tlian the bays 
was very marked. Is this becaoae the girls have personally 
more exercise with colors than the boja? If this is tie 
case, then we must assume that even very coiisidcrable de- 
grees of color-bluidneas may be relieved by many years' 
esercise. This is, however, not probable. It is more prob- 
able that the better color-perception which the female sex 
has acquired and developed by many generations of handling 
colored objects is essentially sezoal, or only inherited by 
the female descendants." 

Since February, 1878, when I published an arti- 
cle on the incurability of congenital color-blind- 
ness, my experience with intelligent and educated 
persons thus afflicted has fully substantiated what I 
then said; namely, that it has not been and cannot 
bo cured by exercise with colors. The color-blind 
reported to me their futile attempts to do this, as 
others, for instance, reported to Professor Wilson 
years ago, and to Professor Holmgren more re- 
cently. Greater familiarity with, and more con- 
stant use of, colors on the part of females, seems 
at first sight to explain their somewhat extraor- 
dinary exemption from color-blindness as compared 
with males. This does not, however, affect the 
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individual. Whether the individual is influenced 
through generations of female ancestors exercised 
with colors, I must for the present leave with Mr. 
Darwin, Mr. Wallace, and Mr. Grant Allen to 
discuss. The transmission of the defect iaa the 
male line alone is very frequent. But there aro 
cases of even the reverse on record. Dr. Pliny 
Earle reported, out of 61 relatives, — 32 males and 
29 females, — 20 cases of color-blindness, two of 
these being females. Again I would recall Cunier's 
case of a lady who was color-blind. Her mother 
and two sisters were the same. Her brother was 
&ee from the defect. The lady had six children, 
— one son not color-blind, and five daughters 
affected like herself. The oldest daughter had 
four children, — two of them girls, color-blind. 
The second daughter had a boy and girl, the latter 
color-blind. The fourth daughter, unmarried. The 
fifth left a hoy myopic, but not color-blind. We 
thus have the remarkable instance of color-blind- 
ness appearing onli/ in the females of a family for 
four generations. Heredity has here apparently 
acted without reference to, or directly against, the 
accumulated effects of generations of exercise with 
colors. It is certainly a very curious fact, that, if 
generations of exercise with colors is gradually 
eliminating color-blindness from females, this 
should not have checked its transmission through 
females exclusively for four generations. 

But to return again to the reports I have 
received from European gentlemen : Dr. Cohn 
found among 1,061 Breslau schoolgirls none color- 
blind. Dr. Magnus, in Breslau, found but 1 color- 
blind girl among 2,216. 
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Professor Holmgren reports from Sweden having 
found, among 7,119 females of all ages, 19, or 0.26 
per cent, color-blind. 

Dr. Minder, in Berne, reports, among 846 gijlg 
and women, having found 11 color-blind, or the 
very large per cent of 1.3. 

To recapitulate from a number of obaervera, — 
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My want of success in finding more color-blind 
females would have at first rendered me doubtful 
of my testing ; but that was not the case when I 
commenced with females. I have often thought 
that I had found a case ; but was quickly con- 
vinced, as were the bystanders, that it would not 
stand the teat, and was but the result of nervous- 
ness, carelessness, or stupidity. Females work so 
rapidly in sorting the worsteds, that the examiner 
will notice immediately the sliglitest hesitation or 
mistake, as do also those who are waiting their 
turn. The excessive ratio reported by Dr. Minder 
of Berne, I cannot but tliink, may be due to a lack 
of practical familiarity with the use of Professor 
Holmgren's teat with females. He admits that, in 



COLOS-BLDTDNESS : 

tughfc most perfect, the girl was eubae- 
jvecl to have been picking out only the 
lliaut colors." This I have seen often 
fcng school girk aa well as boys. As I 
(here said, it ia most curious how care- 
stupidity will at first simulate color- 
I and if we do not push on with the 
gh, and be on oxa- guard, we may 
y mark, a.9 at least partially color-blind, 
) are really not deficient in chromatic 
tdes those in my records, I know of two 
llor-blind females, and of two families 
Bolor-blind female members. A natural 
^d sensitiveness render research often 
mpossible. In time this peculiarity 
111 be found too common to bo regarded 
T much as near-sightedness now is ; and 
ligations of heredity will be more easily 
At present it is hardly understood 
liated even amongst physicians, much 
mst the laity, though interested per- 
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The following table gives my own resulte with 
adults and schoolgirls : — 
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CHAPTER XI. 



■nT op COLOE-BLINDNE8S IN PBACTI- 
I CAL LIFE. 

itiatics as I have given as to the fre- 
lolor-blinduess may, perhaps, fairly chal- 
iisin, and it be asked, If this is the 
lis it that sueh a chromatic defect is 
iiikiinwn or concealed? Sir J. F. W. 
B 1859, when commenting on Mr. Pole's 
mii Ids own uolor-blindness, remarked, — 

I iierliapa, allowed to add a few words aa to the 
mia su'ijcct. Dr. Wilson gives it as the result 
li'.s, that one person in every eighteen is color- 
linavkcd ilL'groo, and that one in fifty-five oon- 
■ th groeii. \Vi.re the average any thing like 
Biiicoriceivahlo that the phenomenon of color- 
Bild not be one of vulgar notoriety, or that it 
IfUmoat nil uneducated persons, when told of 
mg approac)iiiig to absurdity. Nor can I think 
1-y operitiuna (as, for instance, in the placing of 
B.'ls at autpoRts) the exiatence, on an average, 
■r ill every litty-five unable to distinguish a 
Bjiii green grass, would not issue in grave iu- 
ftiid ere tliis havi; forced itself into promiueuce 
Imiscliief. .Viimng the circle of my own per- 
fttAiiui', I liave only known two, though, of 
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course, 1 have beard of, aud been placed in correspondence 
with, several ; and a neighbor of mine, who takea great 
delight ill horticulture, and has a superb collection of exotic 
flowers, iuforms me, that, among the multitude of persons 
who have seen and admired it, he does aot recollect liwriDg 
net with one who appeared incapable of appreciating the 
variety and richness of the tints, or insensible to the bril- 
liancj of the numerous shades of red aod scarlet. lb maj 
be, however, that the percentage ia on the increase. Cer- 
tainly we hear of more caaes than formeiiy ; but tihia proba- 
bly arises from the fact of this, like many other subjects, 
being made more generally matter of coavereation." 

I introduce these remarks, as they very weU 
illustrate the general position of seientific men — 
aside, of course, from physiologists — in reference 
to color-blindness. This has continued pretty 
mnch the same till within the last three yeara; 
when methods of testing have been used, so simple, 
so rapid, and so convincing, as to enahle us to 
gather reliable statistics on a very large scale, and 
detect and expose the color-blind against their own 
belief aa well as that of others. 

It must, however, be shown how the color-blind 
have heretofore, and do now, escape detection in 
the every-day walks of life. This wUl, at the 
same time, give us a clearer idea of the peculiari- 
ties of this chromatic defect, and clear up some of 
its seeming mysteries. In the first place, I must 
call especial attention to the very great ignorance 
of the common names of colors among the normal- 
eyed below the well-educated class in the commu- 
nity, and the very general misuse of the names of 
colors known or remembered. This I have seen 
to such an extent in the thousands of school-chil- 
dren I have tested, as to excite the wonder and 
even incredulity of the teachers watching my 



I 



90 COLOR-BLINDNESS ; 

work. Repeatedly an instructor Laa wanted to 
mark a boy color-blind because be so utterly 
faUed in designating colors, or even using their 
names, when my test proved conclusively that be 
had normal chromatic perception. It convinced 
those interested of tbe great necessity of teaching 
colors and tbeit names in the primary schools, as 
part of educational work. Now, the color-blind 
simulate just this sort of ignorance in every-day 
life, and hence are concealed, or escape detection, 
through the want of education of the normal-eyed. 

There is no greater subject of dispute than the 
question of color. Hardly any two people will 
agree as to names of certain given colors. This is 
often a source of amazement aud amusement to 
the color-blind, who naturally think, that, if there 
is such doubt as to colors and names, their own 
doubts and mistakes arise from the same causa. 
Many persons have been indignant with me for 
marking them as deficient in color-perception, so 
assured were they that they lacked only names, and. 
this even when a most amusing and convincing 
proof of their defect was before the bystanders. 
Dalton long ago spoke of this. He says, when 
speaking of three of his pupils, whom he found 
like himself, " They, like all the rest of us color- 
blind, were not aware of their actually seeing 
colors different from other people, but imagined 
there was great perplexity in the names ascribed 
to particular colors." 

Mr. Prior, in "Nature," Dec. 12, 1878, says, as 

to the general inaccuracy of the names of colors, 

and the imlixed character of language, "I took 

t flower-show at Taunton a dahlia of a rather 
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common variety, and Bueh as most gardeners 
would call purple, — a dark pink, with a shade 
of blue over it, — and requested forty-four differ- 
ent people to write me down what thej"" would call 
its color. In their replies I got fourteen different 
names for it. I sent a flower of the same kind to 
a lady, who returned me twelve replies from mem- 
bers of her family and friends, and in the twelve 
were eight different names." I would here refer 
to the "very interesting chapter on the growth of 
the color vocabulary in Mr. Grant Allen's book, 
"The Color-Sense." 

I cannot do better than give also the statements 
of another highly-educated color-blind, from whom 
I have before quoted (Mr. William Pole), who 
says, — 

" The color-blind must be very liable to asaooiate, almost 
indissolubly, the tme normal name of a color with the 
sensation it conveys to their minda, whateaer thai senfation 
maybe; and they may, therefore, easily be led to speak of 
that color as if they saw it like other people, although the 
seneation they refer to may be really of quits a dilferent 
nature to that which the name implies. A color-blind per- 
son will be especially loth to believe that certain colors, 
which he hears about and talks about every hour of the day, 
can be invisible to him. Objects of these hues will probably 
present to his mind some ideas of color (though not the true 
ones), and he may naturally imagine, therefore, that he does 
see them, and may give his description accordiagl^. And 
this sort of error is very much enhanced by the fact that it 
is not an easy matter to refer difierent lanes of any one color 
to the sa::ie color-sensation ; so that a modification of tooe, 
if considerable, may be easily supposed to be a diSerent 
color. I believe this difficulty is also felt by the normal- 
eyed; and the popular iioraenclatiire of colors furnishes 
illustrations of the fact, difierent tones of the same color 
having often different names, and being treated as separate 
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colors. Fink and criiiisoa,lilacaiidYiolet,aiewell-B<;kDO'n'l- 
edged esamples of this ; and a dark shade of orange is called 
brown, which generally passea for a separate color. Henca 
we may easily see what a great probability there is that the 
color-blind may acquire the habit of attaching the names of 
different colors to what are, in reality, only varieties of the 
same seiisation ; and as this habit dates from their infancy, 
and is encouraged by their every-day communication with 
the world, it is much more difficult to get rid of than might 
be supposed. The sufferer may find himself continually 
blundering; but he must go through a very rigid eelf- 
examinatiou before he can trace tbis to the fact that some 
of the priacipal ideas he has all his life held upon color 
are mere delusions. Taking red as an example, it is iii the 
highest degree natural that persous who are continually 
seeing this color under the appearance of dark yellow 
should imagine that the latter sensation (which is cer- 
tainly very distinct from tliat of full yellow) is what cor- 
responds to the term red; and the notion that they cannot 
really see red at all is one they have the greatest difficult; 
in comprehending. Hence the very general assertion by the 
color-blind that they do see red,— an assertion which I 
think has been far more readily accepted than it ought 
to be. lied is a more common color than dark yellow ; and 
heuce the preference, by the color-blind, of the former name 
for the common sensation. A great variety of bodies are 
known to he red by habit and association, and are for this 
reason often named correctly. My own experience is very 
decided on this point. It is only after long and carefid 
investigation I have come to the conclusion that my sensa- 
tions of color are limited \o blue and yellow. But, before I 
found this out, — that is, for nearly thirty years of my life, 
— 1 firmly believed that what I now know to be only differ- 
ences in tone of one or the other of these were different 
colors ; and hence I was in the habit of talking of red, crim- 
son, scarlet, green, brown, purple, pink, orange, ka., — not, of 
course, with the confidence of the normal-eyed, but still 
with a full bs'lief that I naw them. If, therefore, at that 
time, any scientific man liad examined me, I shoul4 have 
given him a description of my case, which I now, after more 
g)|«ful study, know would have been entirely wrong. I 
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Bhoold have told him, amoog other incorrect statementB, 
that I saw red objects of a full tone, such as vermiticm, 
BoIdierB' coats, &c., perfectly well; nnd I could, it necessary, 
haye supported my assertion by naming correctly a great 
Tariety of bodies having thie color, which, indeed, I fuii in 
the habit of doing every day. It would have been inferred, 
with great appearance of truth, that I was reaUyimpressibli; 
with the red sensation ; but I now see what an erroneous 
inference this would have been. 

" Another source of confusion in interpreting the dtserip- 
tiona of the color-blind is the want of due appreciatiou of 
the different sensations that may lie produced on their minds 
by modified hues of the same general color. The normal- 
eyed person considers green, for example, as always green, 
whether it be yellow green, neutral green, or blue green. 
Whatever the particular 'shade of green,' as it is called, it 
still has, iu his eye, the distinguishing character of green- 
ness, which cannot be hidden or disguised by any predomi- 
nance of blue or yellow it may contain. But with the color- 
blind this identifyiug characteristic of greenness is wanting ; 
and henoe several pntienta, apeakiug oE green, may, by each 
having reference in his owu mind to some different hue of 
the color, describe it In the most contradictory terms. One 
may say, with perfect sincerity, tliat green appears to hint 
lite red; another, that it looks yellow; athird,blue: afourth, 
black; afifth,orange; a sixth, violet, — from which the nor- 
mal-eyed csaminer, impressed with the unity of greenness, 
may naturally infer that each person is suffering under a dif- 
ferent species of the disorder ; while, by proper interpreta- 
tion, these anomalous descriptions would only convey the 
expression of one consistent truth, and one perfectly uni- 
form defect of vision." 

This very clear and admirable description of a 
color-blind's perception not only shows us how iiud 
what they see, but it also explains some of the 
very many waya in which they escape detection. 
If 80 intelligent a person as Mr. Pole could have 
been bo long ignorant of his own perception, we 
need not wonder that the uneducated color-blind 
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Id not be aware of their defect even in adult 
lanil still less that their defect remains con- 
Id. 

It us turn now to Professor Holmgren's valu- 
■romarks on this point. He says, — 

nust remember that cotor-blindness is not a 'Ikease, 
iisi; of being .-ittended with Buffering, obliging the 
■x\ til hare recourse to aphyaieian. Color-blindness, 
well as normal sight, is a sense of color, though of 
inil a more simple nature. He whom we call color- 
nut, correctly speaking, at all blind to colors. He 
I, ill the main, the same kind of light as the normal 
but sees a part of it in another manner. In the 
Lceording to which he arranges his colors, he haa 
Ikiada than the normal observer; and this is why he ia 
1 to classify under the same denomination a portion of 
lora classed by the normal observer under different 
It results from this that he finds resemblances be- 
J Koli>r3,or confuses others, that the normal ohserrer 
BditTureat; for instance, red and green. These con- 
laturally surprise and amuse the normal observer, 
leadily imagines that it arises from very great ignorance 
r from defectire training. He ordinarily sup- 
Ithat there is no limit to the mistakes the color-blind 
1 make ill this respect. But such is not the case : he 
', t|uite as exact as does the normal observer. A 
Ibtind person can no more accustom himself to seeing 
i tiie normal observer does, than the red-blind can 
ra in the same way that the green-blind does, or 
ly. 
Vliis theory, which is based upon experience, explains 
■ how llie color-blind see colors; but, if we only base 
on the names given to colors by the color-blind, we 
sily deceived. To judge correctly of color-blind- 
Liid the various practical questions connected with it, it 
llho liighcst importance to distinctly observe the differ 
■i;ii the manner in which the color-blind person sees, 
aanet in wliiih he names, colors. The sensation is 
M tht! nature of the sense of color in the organize 
■f the uptic nerve from birth. The ruime, on the con- 
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traiy. is learned. It is couveutiona,! : it depends upon 
eiereisQ nnd habit. The naraea of colors are natarally the 
objective espressiou of suhjective sensations; but, on the 
other hand, they are regulated liy the system of normal 
sight, and cannot, consequently, agree with that of the color- 
blind. They can, nevertheless, be learned by the latter, and 
even applied correctly in many cases. There ia connected 
with this fact a peculiarity of the utmost importance prac- 
tically to the question in point, and one tliat has given rise 
to the most serious embarrassments. and miaunderstaudings. 
This has been and is still ooe of the chief causes of onr 
erroneous ideas on the subject of color-blindness existing in 
the masses, because it is the veil under which this defect 
usually conceals itself from our observation in every-day 
life, and under which, even to the last moment, it will suc- 
ceed ill escaping discovery in cases where, as frequently 
happens, the methods of exploration employed are indecisive, 
or are based upon erroneous principles. 

"li we reflect on the condition of the color-blind, it is 
difficult to understand how he can avoid being detected in 
hia daily intercourse with men endowed with normal sight. 
And yet experience has sufficiently controverted this idea. 
That which we have acquired in examining en masse the 
personnel of a railway, for example, where it is required 
night and day to give attention to colored signals, ia singu- 
larly worthy of notice. We learn by it that a number of 
color-blind were discovered, although their defective sense 
of color had never been suspected by themselves or any one 
else, and the majority had correctly perfonned their duties." 

Very few of us who have good color-perception 
are aware how wholly the name of a color becomes 
the name of an attribute of any special object, and 
hence how this name may be misplaced. It seems 
hardly possible that, notwithstanding a, good color- 
perception, the names of color are bo much a matter 
of learning and memory. As Professor Holmgren 
Bays, — 

"This especially applies to the color-blind, who seek in 
every way, and without themselves being aware of it, to 



COLOR-BLINDNESS : 

lement the chromatic sense nature hag refused them. 
j n.n immutable quality of a number of objects, 
I of A\h>cb are of one, some of another color, it is not 
dlfHcult to learn by lieart the names of their colore. 
Bimmediate impression is not neceaaary for this. We 
r a blind person, even one bom so, give the exact 
B of tlie colors of ordinary and well-known objects of 
1 he has heard. For a color-blind person this ia easier, 
' e obtains some help from bis incomplete ohromatio 

D practically test this, I thought of examining 
b young blind people before whom the subject 
t been discussed, and who would answer to 
■)est of their knowledge and ability. The fol- 
ig table contains the results obtaiued in seven 
cases. The last, the eighth, a boy of fifteen, 
Inot wholly blind to color; and it will be seen 
J cUfT^^reut his answers were. He was prao- 
lly a^ blind as the other seven as to form, && 
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These seven young people were pupils of the 
"Perkins Institution for the Blind at South Boston, 
who were blind from birth, not only as to form, 
but also as to color. The importance of this point 
will perhaps only be appreciated by the specialist, 
who 13 aware that those wholly blind as to form 
may enjoy quite good color-sense. The superin- 
tendent had informed me that " there were only 
, eleven who were blind from birth, and about thir- 
I teen pupils who were supposed to have lost their 
inght before the age of four months." I found, 
however, I had to reject all but the seven from my 
list. The others were, of course, practically blind ; 
but their knowledge of colors was to a greater or 
less extent learned through the eye, and not merely 

ta name for a quality. Their answers to my ques- 
tioDs were very different, as will be^een by those 
of one of them, which I append to my list. He 
had to look for some time at a bright-red book to 
determine its color, and voluntaiily said it was 
"hard for him to get hold of colors." Before I 
tried him with the red book, I noticed his answers 
were peculiar ; and he spoke of " shades of color." 
I was confident that the others were totally blind, 

Pboth to color and light, from examination of their 
kyes, and by testing with colored objects, and ques- 
tioning as to the position of the large windows in 
the room, &e. These pupils were not aware of 
what was to be asked of them, and those examined 
not allowed to communicate with the others wait- 
They will naturally be useless for further 
tests of this character, as the colors of objects will 
■ be now pretty thoroughly talked about in the in- 
[•Ktution, and much learned from intcrcommunica- 
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taon as to the "color-name" of objects, if I m^ 
use this term. I doubt if any but a specialist, am 
one wholly on his guard, could have obtained jui 
this interesting series of answers. Difference il 
intelligence and memory was marked, and largelj 
decided the answers given, as also the way the 
were given. The examination was estri 
tere sting, and the pupils seemed to be rathe 
pleased at being put to the test of their knowledgi 
and memory. The two girls answered quickly s 
to water, having lately heard a lecture about il 
As to the sky and water, teaching had, of course, i 
direct bearing; the very way some replies wen 
given proving they were learned by the ear, aiM 
not by the eye. Could the look of the face o 
gesture or tone be added to these answers hen 
simply written down in short, much more foro 
would be given my argument. Through the ea 
alone these answers were learned, and retained h 
memory. The attachment of the name of a colo 
to an object is au attribute not learned by the eyi 
alone. A wholly uneducated person who handle| 
bricks, if he hears them called black, will so cal 
them when questioned as to their color. 

Dr. Stilling says, as a word of warning to thoa 
who are testing for color-blindness, — 

" It is & well-known fact that color-blind peraonB, 
exercising their faculty of jadgmeut, can aid their want t 
Benaibilit^, a,nd are able to conceal tJieir defect to a 
ostent. They have learned the names of colors quite a 
well as normal-sighted people; and by the help of ever; 
outward sign they have acquired a certain knowledge d 
those pigments to the characteristic tints of which they ac 
blind. Very often tliat knowledge is developed in a GOrpnS 
ing degree. Therefore, in testing one who ia color-blind, \ 
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must take away the possibility of employing any of those 
outward characteristics which he is wont to make use of 
according to long experience. This is bo much the more 
important, as most persons of this description have not the 
least Boapicion of their imperfect power of sight. Only very 
intelligent people understand their defect." 

Professor Holmgren very shrewdly observes, — 

" If we watch the development, or rather the education of 
tie child's color-perception, it will be seen that they first 
learn the names of colors, and afterwards their correct use, 

defining characteristic peculiarities of known objects. It 
•Jb much later that they notice the quality of the light in 
Correctly designating colored objects, they have not pre- 
viously seen. The child with defective color-perception 
differs from the normal-eyed only in not being able to reach 
this degree. lie learns, like the others, that the sky is 
blue, the grass green, bricks are red. He learns that the 
com is green in spring and yellow in autumn ; that the pop- 
pies have a green bud, but red flowers, &c. : these and many 
other things are retained in his memory. If he thinks over 
the meaning of these names, be soon meets with difficulties 
which may lead to very various results. Upon the color- 
hlind eye the brick, the tile, the barley in spring and iu the 
fall, and the poppy-flower produce the same color-sensation, 
and he can with difficulty comprehend why different names 
are given to these colors. Most persons do not reflect so far, 
and, regarding the problem as one they cannot solve, lose 
therefore all interest in the study of colors ; concerning them- 
aelveawith them only when forced to. This readily explains 
why the color-blind grow up without others detecting their 
defective chromatic sense. This is generally the case with 
the lower classes, and especially in the country. The ma- 
jority get into no difflnulty f rom their intercourse with colors; 
and, if they make gross mistakes, this is attributed to lack 
of practice, or carelessness. Hence nothing more is thought 
of it. 

" Other persons, however, reflect further. In seeking why 
there are two separate names for similar colors, as the grass 
and bricks, they look for some more delicate mark of differ- 
ence, and finally find it; but thia is only the voryingdegrea 
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of the intensity of tho light. One color is, perhaps, prier 
than the other. From the time this ia noticed, they become 
very timid in discriminating colors. They accnstom them- 
selves to find a diCerencQ of color in the difference of the 
intensity of light, the luminosity, and lead others a.^ weil sm 
themaelvea iuto the error of supposing that they see the ex- 
teraal world like other people, and that their uncertainty is 
wholly due to want of practice. We find, in fact, in the 
eolor-hlind a very practised and sharp eye for variationa of 
intensity of light. They often have acute vision, and can 
see well at a diiitance. Tha first color-hlind known to sci- 
ence, Harris, ohserved this of himself ; and it has been sup- 
ported by nearly all observers since. Thera are, moreover, 
very few color-blind so interested as Dalton to study their 
own case, and detect their fault." 

As we have seen, Mr. Pole is the only one eince 
Dalton's time who haa studied and reported hia 
own chromatic defect. 

1 have now shown how the color-blind deceive 
themselves and others, and, growing up in igno- 
rance of their defect, escape detection. To this 
must be added the very important fact, that, till 
very recently, methods of testing for color-blind- 
ness have been used which were wholly inade- 
quate to expose particularly the lighter forms of 
the trouble. It must be remembered that red or 
green or violet blindness may exist in any degree 
from the most complete to almost normal vision. 
Formerly, if a color-bliud gave the right color- 
names to objects, he was regarded as normal-eyed; 
and this has been continued notwithstanding the 
repeated warnings of Seebeck, Helraholtz, Holna- 
gi'en, and others. Thus many have escaped detec- 
tion ; whilst, on the other hand, the norraal-eyed'a 
ignorance of names has been set down to color- 
blindness, giving us, as in France, most extraoxdi- 
nary percentage. 
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But -we now know that about one male in five 
and twenty is color-blind. It is impossible for all 
to have grown up ignorant of their defect. How, 
therefore, has this class, who are aware of their 
color-blindness, escaped detection in every-day life? 
The color-blind, who are quick-witted enough to 
discover early that eomething is wrong with their 
vision by the smiles of their listeners when they 
mention this or that object by color, are equally 
quick-witted in avoiding so doing. They have 
found that there ate names of certain attributes 
they cannot comprehend, and hence must let alone. 
Tliey learn, also, what we forget, that so many 
objects of every-day life always have the same 
color, aa red tiles or bricks, and the color-names of 
tiieae they use with freedom; whilst they often, 
■even unconsciously, are cautious not to name the 
6olor of a new object till they have heard it ap- 
plied, after which it is a mere matter of memory 
-Stimulated by a consciousncas of defect. I have 
oft«n recalled to the color-blind their own acts and 
■Words, and surprised them by an exposure of the 
:ntal ju^lery they employed to escape detec- 
tion, of which they were almost unaware, so much 
had it become a matter of habit. Another impor- 

■iant point is, that, as violet-hlindness is very rare, 
tiie vast majority of defective are red or green 

'Hind. These persons sec violet and yellow as the 
aormal-eyed, and they naturally apply these eolor- 
liamea correctly. When, therefore, they fail in red 
or green, a casual observer attributes it to simple 
carelessness, — hence a very ready avoidance of 
detection. It does not seem possible that any one 
who eeea so much correctly, and whose ideas of 
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color 80 correspond with our owu, cannot be 
equally correct throughout, if they will but take 
the paina to notice and learn. Color-Llindness ia 
also a constant source of petty mortification, which 
teaches its possessor to be on constant guard over 
himself in avoiding esposiu-e and its accompany- 
ing irritation. The intelligent color-blind finds 
many ways of drawing a decision of color from 
those he is in contact with, and always lets shop- 
keepers pick out the colors he calls for, just as the 
color-blind shopkeeper lets liis customer do the 
same if he can ; and when he fails in this, and 
makes mistakes enough to lose his place, he can 
take refuge in the mourning stores, where his 
defect is an advantage. 

This brings us again to their extraordinary ap- 
preciation of light and shade. They can sort and 
place in correct order a series of shades of red or 
green much better and more quickly than the 
normal-eyed, because to them the color is but so 
much light and dark. Now, an educated color- 
blind is asked by a lady friend to buy a skein of 
red worsted to match the pattern. He asks the 
attendant in the store for red worsteds, and se- 
lects the one which corresponds in luminosity with 
his pattern. Such good " shoppmg " forbids the 
idea of any chi'omatic defect. But the worsted 
attendant is away, and another, who is color-blind, 
quietly hands over the greens to the purchaser: 
the latter will then complacently select the one 
which matches in luminosity his red pattern. If 
he is green-blind, he will select a lighter green — 
if red-blind, a darker — than his pattern. In either 
; his defect is exposed; and, in fact, it thos 
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This sensitiveness to light and shade has enabled 
eolor-blind paintere to follow their profession mth 
success, and even avoid discovery, until accident or 
design has interchanged, for instance, their reds 
and greens. A color-blind engraver has an advan- 
tage over his fellow- workmen. It seems hardly 
possible that a color-hlind person should have the 
ideas and thoughts, and power of expressing these, 
■which are derived wholly from the perception of, 
and acquadntanco with, colors. Hence I quote the 
following as a peculiar instance of concealment of 
color-blindness, where it would seem that it must 
show itself. Of a member of a well-known color- 
blind family, the reporter says, — 

" Another of the gectleaien whose case of defective per- 
ception of colors ia herein noticeci, is generally acknowledged 
as one of tlie first iind greatest of American poeta now liv- 
ing. He also is luidble to diatingiiish one tune from another; 
yet hifl poetry ia not deficient in the requisites of perfect ca- 
dence, harmony, and rhythm. In regard to color, his defect 
ia Buch as ia described in the ' worst degree ' of the arrange- 
Inent of Dr. Hays. He says, that, previous to tbs time at 
"which he ascertained this peculiarity of vision, he alnaya 
vondered that people should talk of ' glorioua sunsets ' and 
'beantifol sunsets,' inasmuch as he could detect neither 
' glory ' nor ' beauty ' in them. The kaleidoscope of nature 
ftnd ike harmonicon of art are the Utopias of bis mind. 
The magic hues developed by the prism, the iridescence of 
diells and minerals, the inimitable colors of the beasts and 
birds of tropical climates, tlie verdure of the fields of spring, 
the splendor of the autumnal foliage of the forests, the 
myriad hues of flowers, and the realm of beauty which 
springs, as sprang Minerva from the brain of Jupiter, from 
the genius of the artist, — all these, it would appear, are, 
comparatively, ' as a sealed book ' to him. Yet from his writ' 
ings nn evidence of Ikia can be delected. The poet throws his 
gossamer veil of ideality before the vision of the man, con- 
?erting a sombre world into a paradise like that of the Per- 
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Bian. Seated on the bordara of Helicon, he looks abitiad 
upon a universe traneforraed by imagination and glowing 
with all the colors of a jihantasinagoria. The iria of heaven 
lifts its expa,a9ive arch in hues as varied and aa vivid as 
when first placed there ' to establiflh a covenant * between 
God and man ; the sun descends, now invested with the 
melbw tints of the akies o£ Italy, and now surrounded by 
elouda emblazoned like those which attend its setting in 
America alone ; fields are clad with a carpet of emerald, 
and flowers blossom with all the diversity of coloring that 
ever decked them in the gardens of the East; birds spread 
to the wind, pinions as gorgeous as those that wave over the 
Amazon or the Ganges ; and the mineral world glitters with 
the concentrated beauty of ametJiyst, topaz, beryl, and all 
the precious stones adorning the foundations of the wall 
of the New Jerusalem which was revealed unto the apostle 

Aa the color of moat of our common berries and 
fruits, wheu ripe, is the complementary of that of 
the green foliage, the inability to see and collect 
them is a very frequent source of the exposure of 
the color-blind both to themselves and their eur- 
roundinga in early life. It is therefore a wonder 
how a person can grow up, and not be found out, 
much less not find themselves out. 

Professor Wilson, in his book, saya of a chemist 
aged twenty-eight, green-blind, — 

" He worked five months in my laboratory; and some 
time elapsed before I discovered his color-blindness, which 
he was not ready to acknowledge, and could to a great ex- 
tent conceal by his sagacity in observing those propertiea 
of bodies which are not affected by color. Uo unconsciouriy 
betrayed an efiort to supplement his defective visioa at 
colors by all secondary aids. If colored papers were shown 
him, he fixed upon any difference in shape, smoothness, or 
configuration which they presented, and, when they'wera 
shown him again, recognized them by differences whioll 
Vonld have escaped most other eyes. He would frequently, 
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accordingly, have appeared to a atra^get to recognize colors, 
' ] reality lie was only recalling form, or condition of 
surface, of the colored body." 

I was lately called upon to test some employes 
in a large printing-liouse, and found two, among 
the seventeen presented to me, coior-bliud. The 
astonishment of their fellow-workmen was very 
great ; and they would not believe one of the men 
could he defective, since his employment was cut- 
ting np colored cardboard and paper. They car- 
ried him to his post, and asked him to pick out 
the colors, which he did, as they were always kept 
in certain positiona on the shelves. The members 
of the firm, however, were convinced by the ex- 
amination, and quickly realized the risk of loss of 
I material and time from the man's defect, hitherto 
unsuspected. 

An interesting instance of what constant prac- 
tice vrill do in helping a color-blind to avoid mis- 
take and detection is given by Dr. Minder, who 
says, — 

1 "On this point (of possible alleviation or cure) a deacrip- 
I tion of three casea of color-blindness in a Jewish family of 
Berne will be of value. They are brothers, the youngest 
already over fifty years of age. They are all feebly red- 
blind, and happen to be in buBiness which requires daily 
intercourse with colors. They all make the eame niistakes 
when tested with the worked- worsted tables. I could un- 
fortunately only persuade ono to be more thoroughly tested. 
■ To my surprise I only detected him by Holmgren's test 
Lftfter repeated trials, and that by his matching bright-blue 
1 wd rose color. lie is a very intelligent gentleman, whose 
I business Uaa required him for more than thirty years to be 
I daily busied with colors, witli which, according to his own 
I ftiid his wife's report, he formerly made constant mistokss. 
rTbese have, in the course of years, occurred less and leas 
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frequently. He was even very highly valued for hia fine 
appreciation of cnlors, and taste in tbeir BelectioD, by a Paris 
ribbon-factory with which he was connected. He attends 
alone to all the buying for his large busiuesB, and is only 
liable to mistake with dark green and black, rose and light 
blue. Accordiug to his statement, he could not, in early 
years, be certain of violet and green. I was perfectly 
astonished at his power of distinguishing the various colors, 
and the number of names he had at disposal for the finest 
shades. I was equally surprised at his so accurate compari- 
son of the several colors with each other. To this he 
attributed his so greatly cultivated color-perceptioa. He 
laughed, therefore, at Holmgren's metbod of comparison, 
by which be was, he thought, not to be caught ; and, in fact, 
this could only be done with difficulty. The results of 
other methods were negative, except with the polftriacope, 
where he always stopped at rose and bright blue, which, he 
declared, were alike, and sometimes called them both rose, 
and sometimes bright blue." 

This case led Dr. Minder — as it would also 
likely lead otliera — to suppose that there was a 
basis for Dr. Favre's belief in the curability of 
color-blindness by exercise and practice with col- 
ors; but no one can hare tested and talked with 
many color-blind without being convinced that we 
can hardly set any limit to their capacity for learn- 
ing other attributes of colored objects, and recog- 
nizing and rememberiug their color-Dames through 
this alone. Thus, as we now well know, they 
may even deceive themselves, as well as others, 
into the belief that they have gained by practice 
a, color-perception they were not born with. This 
we shall see in Professor Delbceurs supposed coi^ 
reetion of color-blindness by looking through cer- 
tain transparent media. 

A brother-practitioner, who is color-blind, and 
whom I was testing by Holmgren's method, after 
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Bitting some time with the one hundred and fifty 
little skeins of worsted before him, finally said, " I 
have tried so hard to supplement my defect by 
every possible means, and catch other attributes 
than color to recall the names of them, that, if you 
will give me two or three days to study over these 
worsteds, and tell me what their colors are, I will 
afterwards pick them all out correctly; but I shall 
see them no differently." 

My friend. Dr. Henry Power, ■writes me from 
London, June 1, 1878, — 

" Color-blind nesa is a subject of great public coucem. 
As showiDg also its privato relation, I may uientian an 
interesting case that came under my care lately, in which 
the man was a draper, who had long, by great ingenuity, 
conducted a buainesa on his own account; always getting 
an assistant to bring down the particular bundle of color 
demanded by the customer, and then selecting the particu- 
lar tint by its shade. He was now going into a. much larger 
buBinesa, and wanted to know if his disease could be cured, 
or whether his future partners should be told of his defect. 
A "no" and a "yea" settled these points, and I hare hoard 
no more of him; htit it was curious, that, in the course of 
twenty-five years, he had never been found out." 

I was recently told of the following : Some five 
and twenty years ago, before color-blindnesa was 
so well known or talked of, a student of the Royal 
Academy in London — who was selected, not only 
by the authorities, hut also by his fellow-stitdents, 
as having about the best perception for form, and 
power of light and shade — turned to the use of 
colors. In this it was naturally supposed he would 
exhibit extraordinary talent, and become a great 
painter. He was allowed to take a portrait by 
Titian from the National Gallery, and have it in a 
imall room to himself. There he copied it to hia 
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therefore due him to loot carefully at hia state- 
ments, as, if correct, they are of the utmost im- 
portance. 

He reports the results in eleven different scliools 
of the examination of 1,002 boys between the 
ages of four and fifteen. These their teacliers 
tested by asking them to name the color of objects 
exhibited of five principal colors. The teachers 
reported to Dr. Favre that they found at least 
218 defective in chromatic sense, and that almost 
all were perfectly cured by being repeatedly shown 
objects, and told the names of their colors till they 
were learned. Amongst 138 girls, from seven to 
fourteen years of age, Dr. Favre himself found 
only 2 whom he regarded as color-blind. These 
girls, he remarks, were under excellent teachers, 
and a large number had passed through the sallea 
d'amle, where colors were taught. Dr. Favre then 
says, — 

" The examination of these several reports shows that 
many children of both sexes come ioto the salles tTasile and 
schools without a notion of the elementary colors. The 
number of children lacking in this sensation in the majority 
of boys' schools I have visited is from twenty to thirty per 
cent. This ratio diminishes in proportion as the attention 
of the scholars is directed by their teachers to colored ob- 
jects. Certain exercises, the painting of plans, geographical 
cards, lessons in natural history, &c., have an evident influ- 
ence on the scholars' progress in this sense. Amoogst the 
girls, sewing-work, embroidery, the core of the elothing, 
the handling of flowers, much reduces at eight years of age the 
number of those who have difficolty in distinguishing one or 
more of the elementary colors. At tbis age the number of 
boys who make marked mistakes in naming colors is still 
qnlte large ; and we have found, that, if the majority easily 
acquire a knowledge of colora, many of these need watchful 
1, requiring to be examined periodically, 
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SO to apeak, till we are aaanred of their cure. What is the 
beat method to iise in the schools '( Experience may teach 
us further; but, from our obaervatious during the last five 
years, we feel authorized to draw the following conclusions : 
Male anil female teachers should be required — (1) To ques- 
tion separately the scholars of their class as to the five ele- 
mental colors, and also as to white and black. (2) To 
carefully record, at the time of examination, the scholar's 
replies against his name. (3) The scholars who have 
made mistakes should be individually called twice a week, 
and the colon named before them ; they should be ques- 
tioned and taught till it is shown that they hava acquired an 
exact notion of the elementary colors. (4) There should 
be periodic examinatioDS. (5) ^Vhenever occasion pre- 
sents, the precise names of colored objects exhibited should 
he spoken before the whole class. (G) An advanced course 
on colors should be given scholars destined for special pro- 
fessions, by the aid of Chevreul's color-chart and the most 
commonly manufactured articles. 

"The treatment of color-blindnesa in the adult also haa 
given us very conclusive results, which we have embraced 
in an impublished article presented to the Academy of Sci- 

Dr. Favre says again elsewhere, — 

"I call for the introduction of exercises with colors in all 
the schools, in the army, in the marine, and on the railroads. 
I am persuaded, that, by the precautions I have indicated, a 
great number of accidents may be avoided; and I hope to 
be so fortunate as to cause congenital Daltonism to be 
stricken from the nosological list." 

Dr. Favre has here iindouhtedly simply mistaken 
the lack of knowledge of the name of a color for 
a lack of perception of the color. In thia mistake 
he has been confirmed by the rather extraor- 
dinary reports from his several friends who were 
teachers. These latter, I must at once insist, were 
wholly incompetent to decide whether their schol- 
ars were eolor-blind. We must of course first 
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positively prove the existence of the defect before 
we can talk about having cured it. It is next to 
impossible for even an expert to decide whether a 
child ia color-blind by simply asking him to name 
the color of pieces of paper or other objects. It 
is, on the other hand, very possible to teach him 
a name which he shall attach to the object, as it 
would also be to teacli a congenital blind person. 
These children, supposed color-blind, are reported 
as cured by more or leas exercise with colors, 
according to their individual quickness and mem- 
ory in catching and retaining their names. Those 
that were dull, inattentive, and forgetful, required 
repeated exercises before they retained the names 
of colors which were seemingly readily forgotten. 
This ia perfectly shown by the teachers' reports. 

The reported percentage of defective color-per^ 
ception found would of itself throw much doubt 
on the method of testing. For instance, as many 
as thirty out of fifty, and fifteen out of thirty-five, 
children are reported having " no notion of color." 
But ten per cent is a very lai^e ratio, even when 
we include all cases of only slight color-blindness. 
Now, these children were from four to fifteen years 
of age. How many schoolboys at this time of life 
know the names of five colors, or, having heard 
them, will apply them correctly when questioned, 
without being specially taught ? 

We have found it very different with girls, as 
did Dr. Favre. They use the names of colors 
much more frequently, and have more to do with 
colored objects in dress, trimmings, &c. 

Those of us who possess normal color-perception 
know how difficult it is to tell the differenoe 
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between light greens and blues. This formed a 
large class among these supposed defective chil- 
dren, and they were reported cured in four or five 
exercises. A further convincing proof of the 
inadequacy of the test employed, and of the dis- 
qualification of the teachers as examiners, is shown 
by their reporting children as confounding those 
colors which the color-blind never do; for exam- 
ple, red and violet. I would not, of course, deny 
that amongst these thousand children there were 
any color-blind. Proof to the contrary exists in 
the statement of one teacher, who says, " I some- 
times despaired of curing one child, six and a half 
years old, who, after sixty-five exercises, could not 
tell me a single color without hesitation. Eleven 
exercises more, however, cured this unexampled 
Daltonian, who began by first distinguishing green, 
and finished by not always calling red yellow 
when shown him." This child, no doubt, was color- 
blind, and took this length of time to learn the 
name of a color to be repeated whenever the same 
object was shown him. If alive, I am certain this 
boy ia aa color-blind now as then ; and any test 
not eaUing for the use of names would undoubt- 
edly prove it. Professor Helraholtz, in his " Phys- 
iological Optics " (p. 299, 1867}, said, — 

" As to the examination of the color-blind, Biniply askJEg 
them to name thia or that color, -will naturally elicit but very 
little, since they are then forced lo apply the Bystem of 
names adapted to normal perception to their own percep- 
tion, for which it is not adapted. It is not only not adapted, 
becaUBQ it contains too many names, but, in the aeries of 
Bpeotral colors, ice designate differences of tone as such, which 
to the color-blind are only variations of saturation or lumi- 
nosity. It ia more than doubtful whether what they call 
yellow and blue corresi>ond to our yellow and blue," 
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At first sight it aeema only natural 
should bo able to improve our color-perceptio 



i, as we may sharpen our other si 
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; but in the color-blind there is a congenital 
defect or deficiency. With the ear we may learn 
to distinguish sounds whose vibrations come within 
the range of our scale ; but no amount of instruc- 
tion can make us hear a note above or below the 
vibratory scale of our ear. A little practice will 
enable the normal eye to discriminate between the 
lighter shades of green and blue, which at first it 
bad confounded ; but no amount of exercise with 
colors can cause the color-blind eye to perceive 
those colors as we do, to whose ethereal wave 
lengths or numbers it is not adapted. However 
much practice may cultivate the power of an 
organ, it can never give that organ a different or 
additional power. I admit that constant exercise 
may enable a person only partially color-blind to 
improve his capacity for daaeriminating colors ; bat 
even then I do not believe he has altered his color- 
perception, but only supplemented it by additional 
means, as we so often see other senses, when defi- 
cient, supplemented. Whether we shall ever be 
able to cure color-blindness is another question I 
am not in position to decide. I desire here only 
to state my belief, shared in at present by all 
physiologists and ophthalmic sni^eons, that it has 
not been and cannot be cured by exercise with 
colors. From Dr. Favre's valuable researches, and 
his well-known and recognized connection with 
the present great advance in the testing for color- 
blindness amongst railroad employi^s and else- 
where, his belief in the curability of this defect 
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m^ht have undue weight. It must be remem- 
tered that he stands almost alone in this. I have 
therefore endeavored to show how and why he 
was mistaken, aa others also might well be. To 
this opinion I must still hold, notwithstanding Dr. 
Favre's more recent article before the Lyons Medi- 
cal Society, and the supposed cases of congenital 
eolor-biindness he there describes. 

I should, perhaps, not dwell on this point further, 
were it not that Dr. Favre's mistake might lead to 
dangerous consequences by quieting the fears of 
those whose attention had been roused to the ne 
cessity of testing for color-blindness. I therefore 
quote from one or two authorities in support of my 
opinion, to show that not only is it incurable, 
BO far as we yet know, but that it does not change 
with time. A congenital color-blind person dies 
80. Professor Wilson says, — 

'■ CongenUal color-blindiiefls is certainly incnrable, and, 
when indaced by injury or disease, it may Irecomo as irreme- 
diable aa if it had been an inherited peculiarity ; but certain 
forma of this affection from disease or injury are transitory, 
and admit of cure. So far aa I can ascertain, from the ex- 
amination of the cases of congenital color-blindneaa within 
my reach, the amount of modification in the perception of 
colors, induced by age, ia inappreciable, even though no 
allowance be made for that alteration in all the powers of 
TisioQ which time produces on every eye. Thus Dalton 
was certainly as color-blind at the Oxford meeting of the 
British Association in 1S32, when he compared the color 
of his D.C.L. gown to that of the leaves of trees, as in 
1792, when he first discovered bis color-blindness ; nor did 
tny change, so far as his asaociates were aware, occur in his 

I perceptions of color up to his death in 1844. Mr. Milne, of 
Edinburgh, is still (October, 1S54) as color-blind as he 
was when Mr. Combe described hia case thirty years ago, 

I Knd as he had been for years before his case was described. 
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Profeasir N. was esamined aa to his perception of color, 
Home thirty years BJuce, by Sir David Brewster, who has 
recorded hia case. He writes lae recently, 'I am under 
the impreaaion that some change in appreciating colora took 
place in my eye between childhood and youth. As a child, 
red gooseberries seemed to me altogether bine, bo far ns I 
remember. Latterly I have observed what I fancy red in 
this variety of fruit.' And again: 'I suppose sometinies 
that I can distinguiBh' red in some objects ; but probably this 
is from knowing that they are usually of this color,' But 
he adds, ' At any rate, 1 am quite sure I should make a 
dangerous railway-aigual man, aa I most certainly would 
not know a red flag from a green one.' This gentleman 
further atatea, in answer to aome queriea, that pink still 
appears to him by daylight Mae, and by gaslight <^en, and 
that he continues to confound carmine red by daylight with 
blue. There plainly haa been nothing deserving the name 
of improvement in his case. Lastly, the Countess of D. 
has not (in 1853) appreciably altered in her color-blindness 
since her peculiarities were described by Wollaston many 
yeara ago. 

"Dr. K., a medical man, saya, 'When a boy at school, 
my attention was directed to my want of knowledge of color 
by finding I could not see what my father colled the brighl- 
red berries of the holly. When other children easily found 
out the trees which were loaded with ripe cherries, I never 
could, till I came so near the tree as ta detect the form of 
tlie fruit. The discovery of this defect in vision distressed 
my father exceedingly ; and he endeavored to cultivate in me 
a knowledge of color by giving me lessons in painting, 
making colored charts for me of the prismatic and other 
colors, wishing to believe that the defect resulted from want 
of education in color, not from, a visual defect. I destroyed 
many a painting of flowers, &c., by putting on wrong colora, 
— as blues for purples, green for some kinds of red, anJ 
yellow for others. I still rememberthe surprise he exhibited 
when he found I could not detect a red cloak spread over a 
hedge across a narrow field. Hedge and cloak appeared to 
me the same exact hue, and they do so to this day-' 

" Dr. T., aged twenty-aeven, early became aware of his 
inability to distinguish colora, and has cultivated paint- 
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log in the hope of curiug or diminishing hia defect, hot 
without any sunceaa. He haa himaelf favored me with an 
account of hia cuse ; but, as he veij strongly realizes the 
want of a common language between himself and those who 
have not hia defect in distinguishing colors, he regards this 
Bccoont as hopelessly imperfect. 

"It isquite certain tbat djets, paintera, weav era, clothiers, 
and the members of other callings much converaant with 
color, are cot unfrequently color-blind. I myself have very 
recently been offered any ' reasonable fee ' if I would cure a 
worthy working tailor of almost total inability to distinguish 
colors. 

" These cases may suffice to illustrate the permanency of 
this affection of vision ; but thej are not singular. Among 
my color-blind acquaintances there are probably none who 
would not sacrifice a great deal to see perfectly, and nearly 
oil have endeavored to cure themselves of their visual 
idiosyncrasy ; but not one reports a cure, and the best edu- 
cated and most observant among them are the most decided 
in declaring that they have given up all hopes of amend- 

" It is difficult to convince many that this conclusion is a 
Joflt one. Those whoso own sense of color is delicate, and 
who are led by tasta or profession to live much among colored 
objects, are slow to believe that any eye can be so peculiar 
in its endowments as to make the blunders which the color- 
blind do, even in reference to what they call a ' staring ' red 
OT green. Such colorists insist tbat carelessness, indifference, 
or iinpropAr education lies at the bottom of the mistakes 
which the 'supposed' color-blind make, and profess tliem- 
aelvea willing to undertake their cure, of which, however, 
they record uo case. 

"When we find an engraver, who for the greater part of 
faiB life has been gazing all day at paintings, purcliasing a 
led window-curtain for a green one; a tailor, whose eye has 
been for hours daily flsed on cloths of very varied colors, 
matohing green tape with scarlet linen, at the risk of losing 
his situation ; an experienced field-geologist compflUed, when 
snrreying a red-sandstone district, to take a companion with 
him to point out where grass cuds and sandstone begins: 
and a teacher of chemistry evading as much as possiblt 
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the questioas of his pupila cODCeroiiig the colors of bodies, 
— we cannot doubt, that, after education has done all that 
it can towards daveloping the sense of color in the color- 
blind, they remain as helplessly prone to make their oharac- 
teriatic blunders as before. A crowning example of thia has 
recently presented itself to me. In the establishment of a 
painter and glass-stainer, who is an obstiuate disbeliever in 
the eiiatenea of color-blindnesa, my attention was recently 
directed by his fellow-workmen to a youth who had been 
set to repaint the deyieeB on the shafts of a sheaf of arrows. 
TheaedeTiceSjConsiBtingof alternate circles of red and green, 
had not been efiaoed, but only dulled ; yet the painter exe- 
cuted hia taali by painting all the red rings ijreen, and all 
the ijreert rings red. The case was remarkable for the direct 
reversal of the colors in question, and this by one who held 
them before him to compare, both on his palette Sind on the 
arrows. Yet the party who committed the mistake was aa 
excellent draughtsman, much esteemed by hia master, and 
surrounded at bis daily work with splendid specimens of 
stained glass. This mistake which he made soon ceased to 
be a solitary one : for his fellow- workmen, having, since its 
occurrence, put him to the test, fomid him uncertain in his 
judgment of many colors; aud, on examining him, I found 
him commit the characteristic errors of the color-blind. 
Here, then, was the possessor of an educated color-blind eye 
making such mistakes as no normal-eyed person, however 
uneducated his power of vision might be, could or would 
make. Education, then, can do nothing towards caring 
congenital color-blindness ; nor, in truth, can any thing else." 

Dr. Goubert, in 1867, says, as to treatment of 
color-blindness, — 

" I have here no more consoling words or fruitful resources 
to present. Whatever the symptoms characterizing this 
peculiar imperfection, it belongs to that large number which 
the divine art of ^sculapius is powerless to cure, perhaps 
even to mitigate. All ophthalmic surgeons are unanimons 
on this point." 

Professor Holmgren has very thoroughly dis- 
cussed Br. Favre's publications; and he is in 
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position, both theoreticaUj- and practically, to test 
attempts to cure color-blindness by exercise with 
colors, &c. After citing from his pamphlets, he 
says, — 

"We, on our part, have not yet seen the result of a Bys- 
tematic exercise in learning colors pursued montlis or years ; 
but the observations we have made on the exercise of the 
color-blind and their general effects may not be without 
interest, and throw some light on the importance of such 
exercise. We have said that the color-blind railroad em- 
ploye's learn to distinguish the flag-signals in common use, 
and rarely make a mistake when examined, especially on this 
point. Does this result depend on the training, asd in what 
way ? The uolor-blind who are not railroad employ^ can 
answer this. If we show them the ordinary flags {green and 
red), one after the other, they will nearly always name one 
or the other wrongly, and often both, and even sometimes 
frankly admit they do not know the true names of the colors. 
Bnt if we show tliem the two flags at tbe same time, and ask 
which is green and which red, they at once see a difference; 
Mid, having fixed the name in their memory, they no longer 
make mistakes, hut will tell the true name of the colors, even 
when shown one flag after the other. From this we see how 
the color-blind railroad employe has learned to distinguish 
the flags. 

" But, after all, what have they learned? and what, strictly 
epeaking, have they gained by such recognitions 1 If we ask 
a coior-blind person who ia intelligent and honest, and who 
has no interest in ooucealiug his fault, he will openly 
admit that he baa no idea of the color itself, but that he 
notices a sensible difference in that the green flog is darker 
to his eye than the red. At the uext trial ho will make the 
■ame mistake if the first flag is shown him alone, and will 
bo as surely correct it the two are shown together. A rail- 
road employ^ who daily sees the two flags will not in general 
make this mistake when the test is repeated : we readily 
understand why. The color-blind has learned fti apply the 
names, guiding himself by tlie difference in the intensity of 
the light ; but he still continues destitute of any idea of color. 
He is always color-blind, and has simply learned an artiflae." 
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plan of gradual eserciaisg depends, of 
le idea. ; only that lie usee aeveral shades 
of the same color, lleaoe the intenHity of the light is not 
necessarily the di sting uiBhing murk. The fact that in his 
proposed exercisea the objects are looked at close to, assists 
in no small degree their being dietinguirited ; for, close to, 
there are other attributes besides color and intensity of light 
observable, whilst the flags are always at a much greater 
distance. The coloring material of the different wools may 
present pecaliaritiea, -which we do not generally notice, 
because the color itself is enough for us, but which are of 
great assistance to the color-blind. What these differences 
are is not readily determined. The wools, for instance, may 
be smooth, rough, soft, or shining, — all qualities appeiUiiig 
to the eye. 

"The history of science tells us of cases of persons com- 
pletely blind wlio could easily and correctly distinguish wool 
of different colore by means o£ other senses, — smell, taste, 
or touch. The power of touch in this case deserves especial 
attention, as it is of importance in distinguishing the peoo:- 
liarities of the wools above mentioned. The close conneo- 
tion between touch and sight in determining whether an 
object is smooth, rough, &c., is well known. The assistance 
which these two senses render each other in a general appre- 
ciation of every material surface is not less weli known. 
These are the Very qualities, beyond any doubt, that tlie 
oolor-blind call to their aid to supply the place of their de- 
fective color-sense. Therefore many color-blind place th« 
samples of vrool in different lights, bring them quite close to 
the eye and in different angles to the visual axis. Bat 
many color-blind, who fcnevc the difference between red anA 
green, or purple and green, frankly acknowledged that tiiey 
only recognized them because one wool was coarser, harsher, 
or rougher than the other. Consequently it was not die 
color, — that is, the quality of the reflected light, — but the 
coloring matter and its peculiar effects upon the wool, which 
the distinguishing features. The color-blind 
may, however, be assisted by still other more accidental 
peculiarities ; for instance, they may notice whether one 
bunch of worsted is larger or thicker than the other. The 
results of such exercise will be as useless as a lesson simply 
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lenmed bj heart. The scholar may repeat a whole page of 
his book ward for word, and jet have no idea of the mean- 
ing o£ the contents." 

As to the necessity and value of teaching the 
names of colors in the schools, I entirely agree 
with Dr. Favre. No better proof of it can be 
given than the reports of his teaeher-frieitds, who 
found twenty to thirty per cent of their pupils 
who did not know the names of colors, or could 
not apply them. Such recreations as coloi^teacli- 
ing would be interesting aud valuable, since most 
probably all marked eases of color-bhudness would 
be detected, and a scholar thus be warned in time 
not to attempt work in after-life for which his 
defect unfits him, of which he cannot be cured by 
»ny now known means. 

Something in the way of teaching the names of 
colors has been already commenced in our Boston 
schools. I have shown those interested how neces- 
sary some instruction is in colors, as aiso how 
useless it would be to attempt to correct color- 
blindness by teaching names, which would only be 
associated with objects, and not placed as the ex- 
pression of an attribute recognized by the eye. 
But the teachers miist first be taught what color- 
■Ijlindness is, and how frequent it is, in order not to 
iBet down as stupid, or punish, an unfortunate boy, 
'*lio seemingly will not learn colors he cannot see. 
to the possible mitigation or cure of color- 
blindness, my own experience with educated color- 
blind adults has been very interesting. All had 
attempted, iu one way or another, to overcome 
their defect by practice, but in vain. Those 
best understood their trouble most realized 
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ll eagerly asked for relief, which can be but par- 
Bly obtained. 

I think the necessity of discussing, as far as I 
■e, what at first sight seemed perhaps only a 
■Ileal opinion, has now been made apparent. 
I; very mistake Dr. Favre has been led into 
I also deceived railroad officials, who here and 
■■■e have tested an employ^, suspected of color- 
Bidness, with the flags or lanterns used on their 
lividual roatls. It requires considerable ai^u- 
lit and positive proof to convince a railroad 
Beriu ten dent that one of his men, whom he has 
I cause to suspect, and has seemingly thoroughly 
B,ed, ia, after all, color-blind. It is very difficult 
Bliim not to believe his employ^ has learned, or 

I be made to learn, to see colors as they appear 
la normal eye. He, however, will be con- 
Iccd against hia reason, when the color-blind 

II is in his presence subjected to a proper scien- 
m test, applied by a competent specialist. 
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CHAPTER XIII. 

PAU-IATION OP CONGENITAL COLOR-BLINDNESS. 

As congenital color-blindness cannot be cured 
fay any at present known means, the question of 
its possible palliation becomes somewbat impor- 
tant. Many methods have naturally been sug- 
gested and tried, and of these I will now speak. 
Wilson says, — 

"A means oE gaarding against mistakes, relativQ to 
colors, which is unquestionably of some service to the coloi- 
biind, is the reference of doubtful hues to a chromatic 
scale, accurately tinted nnd named. But this means of cor- 
recting error soon finds its limit, as the mismatchings of red 
with greeu, olive with brown, and purple with blue, charac- 
teristically made by the color-blind (although both colors 
are presented to the eye together), are sufficient to show. 
Moreover, we must remember, that, to the color-blind, hia 
defective color perfectly corresponds with gray, or whit« 
and black, as readily shown by esperiraeut with Chevreura 
'ijammen rkromatiques,' or with the worsted test. Hence, by 
comparison alone, he might decide that his scarlet or green 
cloth is a neutral tint or gray." 

Szokalski and Seebeck, as Wilson also remarks, 
recommended, as a means of ameUorating the con- 
dition of the color-blind, their steady gazing, first 
on a colored surface, and then on a white or black 
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one ; but, for reasons already given, this proposal 
Bcems of no value, nor is any proof offered that it 
has been of service. 

There nevertheless exists, says Wartman, a 
very easy means of rectifying, to a certain extent, 
the error of the appellation of color. Thia means 
consists in examining colored objects through a 
transparent medimn — as a glass or a liquid — of 
a certain known tint. Suppose this tint red : the 
impression of a green body and of a red body, the 
same at first to the naked eye, will become mani- 
festly distinguished by the use of the transparent 
screen. This method appears to have been prac- 
tised for the first time by Professor Seebeck (the 
father) towards the year 1817. Their employment, 
however, only remedies mistakes in the specific 
nature of colors, and leaves in general those which 
apply to one and the same tint. Wilson says that 
Dr. Steebach carried out this proposal the length 
of recommending the use of colored spectacles. 
Trinchinetti advises that the glasses shoidd be of 
the color which is the complement of that habla 
to be seen falsely. To this Wartman justly 
objects, because "the color-blind do not judge 
correctly of complementary colors ; " but his own 
proposal to employ transparent media of other 
colors is hable to as great objections. Wilson 
adds, — 

"I am far from wishing to affirm tiiat a color-blind per- 
son may uot he iiiiied in correcting his chromatic erroiB by 
such a usi: of colored glasses as Seebeck and Warbnan 
recommend; but, after many trials ivith my color-bliDd 
acquaintances, I have found none who conld turn the sug- 
gestion to practical account. My trials have been chiefly 
made upon those nbo confused ret! with green, to whom 
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W&rtman, in illustrating the use of colored transparent 
media, specially refers ; but I hare met nith no auccesa." 

In 1855 Mr. J. Clerk Maxwell suggested and 
tried the employment of red and green glass sim- 
ultaneously, whieli frees it from Wilson's objeo- 
tions. He says, as to the effect of colored glasses 
on the color-blind, — 

• " Although they canDot distinguish reds and greens from 
varietieB of gray, the tranaparency of red and greeu glaaaes 
for thoae kinda of light is very different. Hence, after find- 
ing a coae in which red and green appear identical, on look- 
ing through a red glass they see the red clearly and the 
green obscurely, while through a green glass the red appears 
dart, and the green light. By fumishiug Mr. X. %vith a red 
and a green glass, which he could distinguish only by their 
shape, I enabled him to make judgments in previously 
doubtful cases of color with perfect certaiuty. I have since 
had a pair of spectacles coDBtrtict«d, witli one glass red and 
the other green. These Mr. X. intends to use for a length 
of time, and he hopes to acquire the habit of discriminating 
red from green tints by their different efiecta on his two 
eyes. Though he can never acquire our sensation of red, he 
may then discern for himself what things are red; and the 
mental process may become so familiar to him as to act un- 
coDBciousIy like a new sense." 

It is very generally remarked of and by the 
colorblind, that they can distinguish reds and 
greens better by artifiuial light than in daylight. 
Many a one has avoided detection by carrying ob- 
jects, especially goods, to the gas to enable them 
I to determine. The simple reason of tliis is that 
I 'fliey can see, aa the normal-eyed, blue, and its com- 
T plement yellow. The artificial light adds the yel- 
\ low, and increases the yellow in the object itself, 
[ ffliereby assisting their vision. In lesser degrees 
I of color-blindness this result is very marked. 
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Wilson found that the whiter and more intensely 
luminous artificial lights, such as the lime-ball an^ 
the electric charcoal-light, induce the same coofo* 
sion in the perception of colors as sunlight doesii 
He says, — 

"The contrast in appearance under the opposite illin 
tiooB is so great, that, among the cases of coloivbliiiditess 
which I have recorded, there arc aa mauyas six persons whft 
have discoverett that they could mitigate their peculiarity 
of vision by the employment of artificial lig-ht. Thus Mn. 
N., Professor Y., and Dr. E. have reaoi-ted to caudle-Iig-ht 
as a means of increasing their enjoymenb of flowers, which 
if crimson, appeared, when seen by it, much richer in col<^ 
than by daylight. Dr. E. and I had admired flowers to-- 
gether for years without my discovering his color-blindness. 
Mr. N. states that ' it is quite an enjoyment ' to him to L 
at crimson flowers by candle-light, Piofesaor Y. has al' 
ways delighted in going into a conaervutory by cundle-ligbtj 
because then all the purple and red flowers stood out ii 
brilliant contrast to the green leaves. A gentiemai 
deals in colored gooda has long been in the habit of appeab 
ing to a gaa-ilume in a dark room to decide between s ' ' 
and green, and crimson and blue." 

Hence Wilson proposed for the color-blind sucfa 
colored glasses as rendered sunlight nearest tof 
artificial light. These are pale yellow or orange, 
stained with oxide of silver. Such glasses were 
supplied to the above-mentioned gentlemen. Thera 
were four sjiades or depths of the yellow colon 
One reported, " The glasses deepen, or rather 
brighten, the reds, but do not affect the greens sO 
much. I can distinguish the reds by the aid of the 
glasses much better than I can the greens. On i 
bright day they gave a decided and very marked> 
difference between red and green. Scarlets it mad? 
very bright and light ; while crimsons were made 
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decidedly red and fiery," Another found he eoiild, 
through the yellow glass, see the same difference 
between green and scarlet, and crimson and blue, 
as by artificial light. The color-blind, therefore, 
can assist themselves and avoid mistakes by select- 
ing and looking through such yellow glass aa ren- 
ders daylight nearest to artificial light. 

An ijiteresting notice of a red-bhnd having dis- 
covered his ability to see better by lamp-light is 
given by Dr. Minder. The person was a member 
of the Bernese family, whose color-blindness, from 
documentary evidence, has been known to exist 
two hundred years. In a letter dated Paris, 1799, 
to his color-bhnd brother, he says, — 

" Tou will find enclosed a pretty Swiss cockade. I have 
sepaniteil it, but you can readily put it together. In the 
centre is the yellow, then red, then green. Formerly, if 1 
had been torn on the rack to get this arrangement from me, 
it would have been useless. About a year ago, however, I 
made the brilliant discovery, that by lamp-light I could dis- 
tinguish the colors. Rose-red, which by daylight ia blue to 
me, then appears a bright carmine ; green, which by day ia 
red, appears blue : so that, give me twenty-foui lioura, I 
should seldom be deceived. Write me if you have ever 
made this discovery." 

In March, 1878, Professors J. Delbceiif and W. 
Spring of Lille published a very interesting and 
important article on the amelioration of color- 
blindness by looking through certain colored solu- 
tions. Professor Delbcetif is color-blind ; and hence 
his observations, guided by Professor Spring who is 
normal-eyed, are of such value, that I will give here 
quotations from the original article. Delbceufs 
theory as to color-perception, deduced from his 
[■reBults, is not of course in place here. I would 
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only mention that he endeavors to dispiave tbe 

Young-Helm hoi tz theory. 

After variouH triaia with one and another colored 
fluid, he hit upon " fuebaine " five parts in weight 
to fifty thousand d'eau alcooUs^e. This he placed 
in a wedge-shaped glass receptacle, with sides 
meeting at one end, and separated at the other a 
centimetre. Thus he could look through any 
thickness up to a centimetre. He employed other 
strengths, but the above gave the best results. 
Of these results he says, — 

"The efiect obtained 'ffaa marrellonii: not 011I7 did the 
colors which I usuall; conlouncl — blae, carmine, and violet 
on the one haud, and scarlet, red, and brown on the other — 
appear very different, but the scarlet red especially aasiuned 
a brightness wholly nnknonn to me heretofore. It had ap- 
peared to me dull, but suddenly it became flaming and 
brilliant. This was to me an extraordinary and imiooked- 
for result. The same effect was produced on two of mj 
pupila who wero color-blind, and on those whom Professor 
Spring and I hova examined." 

Professor Delbceuf found, in brief, that the 
fuchsine corrected the usual mistakes as to red 
fruits and flowers, the foliage, &c. With Pro- 
fessor Spring he also tested himself with large 
numbers oi pieces of colored siik. 

"Two of the ribbons were of special service, — amoAed 
brown, which I had confounded with a bright scarlet red; 
the other, a violet, which produced on rac precisely the some 
effect as a. pure blue. The fuchsine showed me the differ- 
enee between the colors and their ahadea with more or leas 
distinctness, and we found the same witli the two color* 
blind we tested. 

" I had here, then, a positive fact, and reason to suppom 
ihat the fuchsine rendered my vision like the normal-eyed. 
But this was a presumption I had to verify by producing 
color-blindness in the normal-eyed by some solution before 
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their eyes. The hazard which brought ns the fnchaine did 
the same for chloride nf nickel one part, and twenty-five of 
water. Through a centimetre of this solution Trofesaor 
Spring found the violet ribbon looked blue, red identical 
with brown, and nature assumed a certain uniform tint 
without brilliancy. Glass stained with copper has also 
largely thia efiect of rendering the normal-eyed color-blind, 
Holmgren called attention to thia, and says. ' We may get 
a. good idea of the difficulty the color-blind have in Borting 
oolored objects if one tries to do the Bame through greeniah- 
blne spectaclea. We shall see and sort the colors pretty 
much as a red-blind does, and have the same difficulty as he, 
or all who attempt to do that which they have not tiie 
power to.' I have said that the fucbsiiie gave me a very 
I marked difference between blue and violet, brown and 
' scarlet, and that the \dolet and scarlet became always more 
, brilliant, whilst brown and blue retained their ordinary 
. aspect. Chloride of nickel does not afiect the normal-eyed, 
except as to red or violet ; green, blue, yellow, remain, bo to 
■peak, unaltered. The reverse holds true with us; namely, 
considerable thickness of the green solution but slightly 
interferes with the harmony of colors as I see them : and, 
I through weak solutions of fuchsine, the normal-eyed do not 
le objects very differently from generally. Stronger solu- 
tions only render the violet brighter, and especially the scar- 
' let, which becomes whiter. 

" We need now only see it the fuchsine re-establishes the 
lion of a normal-eyed rendered oulor-bliud by chloride of 
I nickel, Tltia is the case. When a normal-eyed looks at 
our Bilks through a solution of chloride of nickel sufficiently 
I strong to render the red and brown ribbons, the violet and 
1 blue, appear either brown or blue, and then adds a proper 
[ thickness of fuchsine, the colors regain their distinctive 
I characters. So, also, a color-blind corrected by fuchsine 
f becomes agaiu color-blind by chloride of nickel." 

Professor Delbceuf remarks, in closing his pa- 
[ per, — 

'These researches h.ave an .epilogue. Having deter- 
[ mined the cause fas explained by his theory] of color- 
blindness, we should not have thought of broaching the 
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question of its treatment, had not a aingTilar circninstanco 
caused us to believe in the possibility of its cure. I have a 
paintinj; of flowers, — a bouquet of poppies. What aiona 
always pleased me in it was the correctness of design, the 
freshness of the flowers, and their true and natural appear- 
ance. Returning in October, after an abaence of six or 
seven weeks, I found a new charm in this painting. I first 
thought this was, as is so often the case with works of art, 
hut a mora.entary caprice. Yet finding it each day more 
and more attractive, I thought whether, by looking through 
the fuchsine, and thus giving myself the sensation of red, I 
could not now see distinctions which in reality were hitherto 
powerless to act on my visual faculty. This conjecture is 
the more plausible as, at the commencement of our experi- 
ments, I had looked at this picture with our apparatus. 
This was my thought when, in the beginning of November, 
I made some testa of the railroad-signals, to see if our 
liquids were sufficient to render distinguishable the red and 
green lights. The results were not conclusive. I had a 
vague sensation that my naked eye could recognize distinc- 
tions formerly impossible for me. But towards the middle 
of last December, whilst walking in the city, I noticed, or 
thought I did, red lights a few liuudred steps off. I ap- 
proached them, and found they were dim lanterns to mark 
an excavation in the Street. It was the first time that any 
Buch light seemed to have a distinctive color. Formerly I 
saw no difference between the yeUow and red lights, except 
that the former were brighter, and the fuchsine had but 
made them look alike. Much interested, I went over to the 
American tramway, where the cars are lighted by red lan- 
terns. I used to notice but little distinction between them 
and the gas-jets ; but to my surprise I recognized them quite 
well, even at a distauco. I thought I had perhaps corrected 
my color-blindaess. Some days after, when tha weather 
was dull, I took out the box of ribbons in ray laboratory. 
Formerly, on such a day, I should have unquestionably found 
them identical in pairs ; but it was no longer so. The brown 
ribbon remained the same ; but the scarlet struck me vividly 
by its brightness. In no possible position could I confound 
them, and the difference remains still quite marked. I 
naked Professor Spring to attempt to deceive me by showing 
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them to me singly ; but he conld not. This I could not say 
of the blue and yiolet. I thought I noticed a certain vari- 
ance, but did not feel assured of not being deceived. I have 
therefore to improve in this direction ; but, no doubt, my in- 
experience with the blue and violet is due to my senaation 
of red not being yet very strong. la fact, the fnchsine 
pves the red of my ribbon a color much Btronget than I 
have as yet recognized. It is probably a matter of time 
and exercise. Some time after, 1 thought Ui ascertain if the 
solar spectrum looked different from what it formerly did. 
Going to my laboratory, and taking up the ribbons, I found 
(he red brighter than the brown ; jet it seemed as if the 
eontrast had somewhat decreased lately. I looked, there- 
fore, very carefully at the spectrum. I thought, at first, the 
gradations more marked in the yellow, ajid hence, on the 
whole, that there was no change. Accidentally, however, 
turning my eyes to the ribbons, I still saw one was more 
brilliant, and, on going to it, found it was the brown t It 
was only after a time, and repeatedly gazing through the 
fnchsine, that the red again assumed in part its relative 
brilliancy." 

The following very mialeading notice, based 
upon the above, I q^uote from " The Scientific 
American," Dec. 28, 1878 (p. 408) : — 

"Remedy for Color-blindness. — 'La France M6ii- 
cale ' states that M. Delbceuf has found, that, if a person 
afflicted with Daltonism looks through a layer of fnchsine 
in solution, his infirmity disappears. A practical appUca^ 
tion of this discovery has been made by M. Javal, by inter- 
posing between two glasses a tliin layer of gelatine previously 
tinted with fnchsine. By regarding objects through such a 
meUi um, all the difficulties of color-blindness are said to be 
lorrected." 

More important still is a report from a commit- 
tee of the Belgian Royal Academy to the minister 
of public works in answer to certain questions. 
Professor DelboBut' was secretary of. this eonunit- 
tee ; and, owing to bis supposed discovery of the 
effect of a fucbsine solution, they report, — 
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" 111 all cases there can be attached to the engine an sp- 
paratua which prevents oven the most color-blind from pos- 
sibly couEounding ted or green with any color, and which 
would add to the contrast of tho signals. The apparatus 
would CDDsiat of a, red and a green glass having the proper- 
ties spoken of. When the engineer had the slightest doubt, 
he need but look through these glasses. Looking through 
the red, the signal of that ooior would become brighter, and 
contrast more with the general visual field. On the other 
hand, it would be weakened by looking through the green. 
The reverse holds true of the green signal. This apparatus, 
infallible for the day-signals, would be efficacious to a cer- 
tain degree for the night-signals also, but perhaps less prac- 
tical here." 

On this point Dr. Maguus says, — 

" Whether the method, lately proposed by Professor Dd- 
bceuf, of palliating orimproving color-blindness by fnohsine- 
oolored glasses, will prove of serviee, time must decide. Pro- 
fessor Delbceuf, himself color-blind, believes the method of 
practical value, as tested in his own case. But, as we have 
already pointed out, deception here ia very possible ; and one 
may readily mistake foracnreof color-blindness the practice 
which a color-blind has gained by any increased sensitive- 
ness to shades of light in distinguishing colors. Moreover, 
there has aa yet been no practical experience with Delbceufs 
method." 

In order to fairly test Professor Delbceufs snp- 
posed remedy or cure of color-blindness, I have 
had the apparatus made as he directs in his origi- 
nal article. With the fuohsine solution I have 
pretty carefully tested six color-bhEd, both red 
and green blind, and of various degrees. Two of 
these were physicians, who had not only paid a 
good deal of attention to the subject, but also to 
their own eases. The result was quite unsatisfac- 
tory. A red-blind, after carefully working with the 
fucltsino solution, reported that he could obtain 



I ITS DAHGEKS AND ITS DETECTION. 135 

but little more benefit than he did by gaslight, or 

I a pale, lemon-eolored glass, which simulated gas- 

I light. He, as they all, reported that the green 

I worsteds bx Holmgren's test, or other objects of 

I this color, were darkened, and thereby the relation 

I e/ ligM and shade altered. TLia assisted him in 

■ selecting them. The same darkening takes place, 

of course, with the normal eye. We can see what 

a change in light and shade is produced by even a 

small amount of fuchsine, and thus understand 

how much the color-hhnd may hereby gain ; that 

is, how much is added to their already highly de- 

I Teloped sense of light and shade perception. A 

.color-blind person who had not studied his defect, 

I or the subject generally, might very readily mis- 

I take the help of the fuchsine solution for a change 

I 4>i his color-sense, and suppose, also, that the com- 

I parative new world to him was something perma- 

I nent, — this also 'more especially as the fuchsine 

I solution intensifies the reds, and allows a red-bhnd 

[ to get a much better idea of the sensation red to 

I the normal eye. This is probably, therefore, the 

explanation of Professor Delbceiifs enthusiasm 

over hia discovery. But those who have studied 

the vision of the color-blind — particularly the 

educated — can readily understand the fictitious 

assistance of a change of light and shade, which, 

as I have said, one of my color-blind soon found 

I out. 

I Professor Holmgren, some years before Del- 
bceuTs ijivestigatious, discussed the effect of col- 
[ ored glass and colored solutions in rendering the 
ou of the normal-eyed like that of the color- 
-blind. 
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In a review of articles on color-blindness, pub- 
lished in the " Revue des Sciences M^dieales," Oc- 
tober, 1878, Dr. Javal Bays of Delbteufs method, — 

" I obtained sheets o£ gelatine stained with fuchsine, which 
produced the same effect as ProfesBor Delboeiif's solution, 
and which were much more manageable. But, notwithstand- 
ing this better arrangement, I much doubt if this means of 
correction of color-blindness has a great future; for the 
majority of tliose affected are too habituated to live with 
their infirmity to be willing to sufier the slightest incon- 
venience in correcting it. This correction will therefore be 
only applicable to those persons, relatively few, ■whose occu- 
pation ia Buch that their infirmity is a positive hinderance. 
And from these should bo escluded railroad employes, 
pilots, Sec., who are color-blind, as such must be absolutely 
removed from posts where their deficient chxomatiD sense 
may cause accidents." 

In reference to Deibceuf and Spring's state- 
ments as to chloride of nickel in solution, — one 
part in weight to twenty-five of water, — I must 
Bay I have carefully followed tkeir experiment, as 
also with a stronger solution arranged as they 
describe ; but I obtained no such effect as they 
report, — of thereby rendering the normal eye 
color-blind. All normal-eyed with whom I have 
tried it tell me the same. It did not interfere with 
my sorting the worsteds with Holmgren's test per- 
fectly. Looking through such a solution dulls the 
red a little, but nothing more bo far as I can yet 
Bee ; with which, as I said, others agree. More- 
over, the effect of the fuchsine solution was not 
negatived by it to the color-blind. I confess my- 
self at a loss to understand Delboeuf a statements. 
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CHAPTER XIV. 

DANGERS ARISING FROM COLOR-BLINDNESS. 

The mortification, inconvenience, and loss of 
position or employment, from the lack of power to 
choose proper or appropriate colors in dress and 
costume, to diatinguiah and match colored goods, 
to mix or uae colored pigments, I have already 
sufficiently deacribed; The dangers to which tlte 
community are subjected from color-blind railroad 
employes and pilots will be explauied in thia chap- 
ter, and how and why these should be avoided hy 
the action of the community in protecting itself. 
For instance, an engineer has run on one road for 
some five or ten years without accident of impor- 
tance. The superintendent requires him to pass 
e:?amination by an expert, who finds he ia markedly 
red-blind, and showa it most convincingly to the 
officials of the road. It becomes known ; and they 
then do not, of course, dare to keep him in his 
place. He is dismissed, to protect the community 
from danger. 

We need no better proof of the recognition of 
the danger than the measures so rapidly taken 
for the laat two yeara on so many of the Euro- 
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ro;iils, and wliieh are being initiated by the 

LTV practical American people have recog- 

1 tliti danger from numerous colored hghts or 

lil-fiags in having gradually discarded them. 

f- roada already use only red by night or day. 

nd red are, however, most generally used 

giiify safety and danger. From experiment 

Jexpei'ieuce I agree that they are right. We 

Bot give up color for form by night. It is, 

Tver, possible by day. Is the danger any less 

here in the United States? I believe the 

■er from ignorance of ita existence is not small. 

I uhief of the Brotherhood of Locomotive En- 

:(rs told nie he had not heard of color-blindness, 

lugli lie had run an engine twenty years; and 

Id nie, \vith some feeling, whether I " thought a 

vas fit to run an engine who could not tell 

frdni red." 

; Massachusetts Board of Railroad Commis- 
s reported to me (Feb. 17, 1877), that "the 
I'ut of ccilor-bliudness is one which has never 
I to the attention of the board ; " and they 
l/c! not known of the subject being investigated 
lis country." 

is danger from color-blindness, also, from 

Bgeneral and the scientific press never having 

In it up in discussion in this country. I am at 

put unacquainted with any thing on this special 

except one or two brief articles in "The 

j;o Railway Review," "The Scientific Amer- 

" and an occasional paragraph in some medi- 

tl. So far as I know, the whole question 

[jlui'-blindness and its natural danger was first 
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publicly discussed by myself March 7, 1877, be- 
fore the Boston Society of Natural History, and 
previously at a scientific club, where the necessity 
of a color-test examination was urged. I speak of 
this only as showing, that, notwithstanding the 
number of very competent ophthalmic surgeons in 
the larger cities of the Union, the subject has 
failed as yet to arise for discussion through their 
efforts. We naturally should have looked to them 
for warning from the danger, especially as their 
daily practice renders them so familiar with color- 
blindness from injury or disease. The subject, I 
confess, forced itself on my attention. 

Thanks to the efforts of such men as Drs. Wil- 
Bon, Favre, Donders, and Holmgren, railway and 
marine collisions or accidents will now be investi- 
gated in relation to color-blindness ; and when one 
's proved amongst us, aa they have been elsewhere, 
to have occurred on this accoimt, then the com- 
munity will be suddenly awakened to a realization 
of the danger they have always incurred, and cor- 
■ porations forced to make some effort to avoid simi- 
lar accidents in future. Then will be brought for- 
ward the facts presented in this volume. And it 
will be shown, that, through the efforts of some 
railway sui^eona and scientific men, the world haB 
been taught that color-blindness exists to a greater 
or less degree certainly in one in twenty-five of the 
whole male population; that this must bold good, 
therefore, among railroad employes and mariners, 
where it is a source of very great danger. Hence 

ka court or jury ^vill not be slow to accept and 
apply the verdict of the general community, that 
the accident was preventable, and the corporation 
Bablp. 



I 
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The teaohing the community cannot be done bj 

the single or united effoi'ts of scientific men. Bj 
examinations in the schools, a knowledge of color- 
blindness and its dangers can be disseminated, a« 
well as the individual warned of hia defect. If the 
medical, popular, and daily press would take the 
subject up, aa they did in Sweden, the railroads 
would soon feel forced to act immediately in the 
matter. It also would not be long before an in- 
ternational commission would be appointed, and 
laws for the control of color-blindness in the ma- 
rine personnel agreed upon. Professor Wilson 
closes his book with the following : — 

" The profeaaions for which color-bliadnesa most seriously 
disqualifies are those of the aailor and railwaj' Herrant, who 
have daily to peril human life and property oa the indica- 
tion which a colored flag or lamp seems to give. Fortnnate- 
ly a ship is seldom mider the guidance of a-aingle person; 
and in her majesty's vessels the color-signal men are selected 
frnia a large niimber, and are aacertained to have a quick 
eye for color. In merchant-ahipa the choice must necessarily 
be made from a much smaller number; and the appalling 
yearly list of lost vessels which appears in our wreck re- 
turns awakens the suspicion that more than one of these 
fatal disasters may have resulted from the mistaken color 
of a lighthouse, beacon, or harbor-lamp, which on a strange 
coast, and with perhaps the accompaniments of a snow-storm 
or a thick fog, has been wrongly deciphered by a color-blind 

" On railways the danger attending mistakes of signals is 
much greater than at sea; especially in this country (Eng- 
land), where traina travel at a very high rate of speed, and 
succeed each other at very short intervals. ... I am happy 
to Bay that the publication of my papers has induced the 
Great Northern Railway Company to require that in future 
all their porters shall be tested aa to their freedom from 
color-blindness before they are admitted." 
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The attention of railroad managers, and alao 
that of the eommimity at large, has in Europe 
been repeatedly called to the great danger likely 
to arise from color-blindness. I would, for in- 
stance, refer to Noel, in the " Courier dea Sci- 
ences ; " and I would particularly call attention 
to the efforts of Dr. A. Favre of Lyons, France. 
I cannot do better than quote from the rSswmi of 
his memoirs. He says, — 

" I have proved, by facta peraoually observed from 18o5 
to 1873-77, the necessity of testing for color-blindneaa all 
candidates for railroad service, aad the esclusiou of tbosa 
who are red-blind i also the necessity of specially examining _ 
employ^ who have been injured about the head, those re- 
covered from severe illness, smokers, and drinkers. I call 
also for the periodic examination of all in active railroad 
service. The majority of these precautions, adopted on the 
Lyons road since 1857, have been gradnally enforced on 
oUier liues, and quite recently, a!so, on the Belgian roads. 
. . , Feb. 8, 1875, 1 called the attention of the ' Conaeil de 
Sante des Arm^s ' to the use of t^e colored signals em- 
ployed in war, and the necessity of testing those giving or 
receiving orders by colored signals. ... In February, 1876, 
I called the attention of the Medical Society of Lyons to 
oolor-blindneaa caused by injuries. . . . On Nov. 4, 1875, 1 
addressed the Medical Society of Marseilles in reference to 
color-blindneaa in navigation. My conclusions were adopted, 
and communicated to the marine authorities of the port and 
the minister of marine. At the same time the Academy 
of Sciences and Letters of Lyons voted to call to my publi- 
cation the attention of the ministers of public instruction, 
public works, war, and marine." 

Wilson says, — 

" The majority of even color-blind persons are able to 
distinguish bright red from bright green when they ara 
near the eye and well illuminated : but this power of distin- 
guishing between these colors diminishes with great ra- 
pidity when they are removed to a distance from the eye ; 
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so that a Beparation of a few feet or a few yards, ocworfing 
to the severity of the case, abolishes all sense of distinction 
between red and green. As the colored day-siguals on rail- 
ways — especially the flags, which alone are available in 
Bome of the most pressing emergencies — soon tamisb and 
darken, the effect of time is to change light reds and greens 
into much darker shades, and therebycontinuaUy to diminish 
the distance (small at the best) at which the two danger- 
signals can be distiuguisbed from each other by a color-blind 

The danger, therefore, depends on the number 
of color-blind employed on the railroads. They 
have been found as frequent there a3 elsewhere. 

My friend. Dr. Edmund Hansen, a distinguished 
ophthalmic surgeon of Copenhagen, Denmark, 
writes me, June 24, 1877, — 

" The railways of Denmark are in the poaaesBion of two 
parties : one is a private company, which owns the railways 
of the lai^er island called Seeland, and of the adjacent 
smallet islands, Laaland andFalster; whereas the railways 
on the island Funen and on the peninsula Jutland belong to 
the government. The investigation for color-blindness has 
jost been completed by the private companies; on the govern- 
ment railways it will be done in the course of the summer. 
(I will give you the results of the private company, and 
shall send you the other when the results have been made 
known.) The esamination on the Seeland, Laalaud, and 
Falster roads has been made according to the method of Pro- 
fessor Holmgren. l.OSJ^ persons were examined, of whom 
50 were women. Of this number, 31 men (or 2.87 per 
cent) were color-blind, — all congeuital cases. None of the 
women were color-blind. Of the31, 10 were perfectly color- 
blind, 21 imperfectly. Of the perfectly color-blind, 6 had 
red-blindness, 4 green-blindness. 'J'heir ociTupations were: 
2 station-masters perfectly green-blind; 1 engineer perfectly 
red-blind; 1 train-conductor, 1 fireman, perfectly green- 
bUnd ; i porters, 3 blacksmiths, 7 railway guards, of whom 
8 were perfectly red-blind ; 2 assistants, 1 pupil, perfectly 
red-blind; 1 coiickrgr.,2 foremen, of whom 1 was perfectly 



i 



ITS DANGERS AND ITS DETECTION. 143 

-green-blind ; 4 workmen on station, 1 perfectly red-blind ; 2 
extra conductors, 1 perfectly red-blind." 

These examinations, I understand, were made 
by Dr. Fontenay. 

Professor A. Qnaglino, of MQan, Italy, writes me, 
Aug. 11, 1877, "I do not know whether there 
are any statistics of color-blindness published in 
Italy, though I am sure that all the railroad em- 
ployes are subjected to a rigorous examination in 
reference to their color-perception." 

Dr. J. Stilling, of Cassel, also writes me, Dec. 6, 
1877, " I have but once had opportunity of ex- 
amining railroad employt^s, about four hundred in 
number. Of these, six per cent were color-blind." 
Dr. Magnus reports the result of one of his col- 
leagues on a Ereslau road as four per cent of color- 
, blindness among the employes. 

Professor F. C. Donders of Utrecht, Holland, 
, with the assistance of twelve physicians and 
ophthalmic surgeons, whom he had specially in- 
' structed in a method of his own, examined 2,203 
employes on the Holland roads. He found 152 of 
these more or less color-blind. These he subse- 
quently — with his assistant. Dr. Bouvin — still 
more carefully tested, thereby confirming his pre- 
1 Tious results. 

Dr. A. von Reuas writes me March, 1879, having 
( found 3.50 per cent color-blind among 800 of the 
• employes of one of the Vienna roads. 

I have perhaps quoted enough to show by sta^ 

I fetics, and by the precautions railroad corporations 

in Europe are taking, the extent to which color- 

f blindness prevails amongst employes, and its con- 

L sequent danger. But I should quite faU in giving 
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the subject due prominence as to the prevalence 
of color-blindness, the value of scientific investi- 
gation in detecting it, its danger for the commu- 
nity, and the success of tnie methods of testing 
in convincing railroad people of all this, &c., were 
I not to quote from Professor Holmgren's work. 
He says, — 

" In a ciLBe called the Lagerlimda, arising from a railroad 
accident at Lagerlnnda., in Oatrogothia, Nov. 15, 1875, and 
whieii excited great public attention, there was eridencB 
leading me to suppose that color-blindness was one o£ the 
princix>al causes of the disaster. This led me to think that 
control should be eserciaed among railroad employes as ta 
color-perception . 

" In June, 1870, 1 had an opportunity for testing this mat- 
ter. By the courtesy of Major-Gen. von Knorring and 
Major Kudbeck, I was permitted to examine 2.200 men of 
the infantry and dragoons of the guard in camp in Upland. 
From this examination we learned, in reference to the ex- 
istence ot color-blindness among the population of the 
province, that, out of the 2,200 men, U were red-blind, 17 
oould not perceive green, and 1 violet (?) ; 31 besiilea were 
incompletely coloi^blind in accordance with, my classification. 
There were, then, 00 defective, or 2.7 per cent. The oases 
of ' feeble seneation of colors ' are not hare included. 

"July 14 of the same year I had opportunity, at the 
Scandinavian Medical Congress assembled at GoUienburg, 
to describe my method, report the results of its employment, 
and also to express my views oe to the necessity of taking 
measures on a large scale in reference to the detecUon of 
color-blindness, especially among railroad eniployda. In 
consequeuce the congress voted unanimously on the ueccaaily 
of instituting examinations to detect color-blindness, flis^ 
among railroad employ^ ; second, among pilots, lighthouso- 
keepers, aud sailors in general; and, third, in the schools. 
During the congress I had time to show the physicians the 
practical application of the method, liy examining in their 
presence, 1^ penniasion of Col. Carlsohn, 100 men of the 
artillery regiment in Gotha, amongst whom we found 1 
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color-defective, — 1 for red, 1 for green, and 2 incompletely 
blind to color. At the eame time I found one green-blind 
among the physicians, members of the congress, and one 
red-blind among the assistants. 

■'I was then prepared to apply directly to the railroad 
admioiatration. Thanks to the press, which followed atten- 
tively the discussions in. the congress of Gothenburg, the 
quesfioii came to the knowledge of the public. It naturally 
attracted the attention of the railroad officials, who for the 
most part looked upon it with a certain distrust, as rather 
the result of teamed imagination or over-solicitude than as 
a practical matter for the railroad service. We have heard 
a railroad official iiae almost literally these words: 'If 
color-blindness really exists, it cannot be amongst the em- 
ploy^, or it would have been noticed. This must at least 
be the case with the engineers and condnctors, all of whom 
obtain their places after passing through inferior grades, 
and consequently after having suffloiently proved their fao- 
nlly of distinguishing colors.' It was, therefore, very impor- 
tant to obtain some certain data on this point. Tbis soon 
arose. Mr. Jacobsson, chef d' exploitation of tlie Upsala-Gefle 
line, asked me to accompany him on a tour of inspection, 
and examine all the employes nnder his orders. The tour 
was undertaken in the fall. We left Upsala Sept. 7, and, to 
Gany out our examinations, halted at all tlie stations, at all 
the guard-housea, and at every gate ; in short, we stopped at 
every point where an employ^ was to be found. The exami- 
nation was finished at Gefle Sept. 8. All the force— 263 
men and women — were tested. Amongst them we found 
13 defective ; viz., 4,8 per cent. Six were completely green- ■ 
blind, and 7 incompletely color-blind. Their positiona were, 
1 chief of station, 1 engineer, 2 conductors, 1 chief of equip- 
ments, 2 men of the equipment department (one a supernu- 
merary), 2 overseers, 2 road-guards, 1 clerk, and 1 stoker. 
Inmediately after the examination, the c/i«/ d'exploilalion 
dUmissed all those who were blind for green. 

" This first expedition was interesting in many respects. 
It showed that the method of examination was adapted to, 
and could be used on, the railroads. It showed, moreover, 
that tliera were really color-blind, in nearly every degree, 
I employed on the Swedish roads, of which no one had had 
I'ttie alij^test suspicion." 
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r Ilolmgren report3 later in September, 

ig to fiate tested 7,953 railroad employiSa, 

Id 171 culor-bUnd, or 2.15 per cent; viz., 

id, 48 green-blind, and 70 incompletely 

itii! Dr. L, Krohn, who was by correBpondence 
L the itictljod and principles applied in Sweden, 
esaniinod the personnel attached to the rail- 
country. A locomotive and car were placed 
sitloti to enable him to test the employes on the 
Jth of the line. It was completed in twelve days, 
noil}:; 1,200 |)ersons tested, 80 color-blind; namely, 
Thi:y wt'fe as follows : i red-blind, 25 green- 
1 incompL'tely blind." 

ir IJolnigren brought this matter before 

s railroad directions in Sweden. More- 

riraeiitM were made in the Physiological 

at Upyala; SO that, by Nov. 9, 1876, 

liiL Sweden, it was ordered that all the 

Tiii[)ii.iy<^s should be tested for color-blind- 

l; metlirjds there used. What Professor 

lias accomplished leaves no excuse for 

can railroads in hesitating or refusing to 

■ and prupcrly test all their employes for 

color-perception, and dismissing those 

uolor-bliiid, and providing also fpr the 

,- tc.'iting all applicants for employment. 

^ bul'ure tliis my readers have been aston- 

I the iaf;ts here collected, they, no doubt, 

1) been equally disposed to question them, 

|it tb(.'ir practical bearing. They wiU natu- 

'(! d(j not hear of railroad accidents 

indiicsM. and rarely of marine coUis- 

lijlu !u lliis cause." Of this I shall 

-dk; but 1 must first here explain how it is 
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that the color-blind employiSs get on so well, con- 
ceal tJieir defect, and perhaps avoid accident. I 
shall confine my remarks to the railroad personnel 
and mariners. How the color-blind eacape detec- 
tion in every-day life, I have already fully de- 
Hcribed. Professor Holmgren explains this so read- 
ily from his experience, that I do best to first quote 
from him. He says, — 

" We should imagine a color-lilind railroad employ^ would 
be immediately detected, or would have at least discovered 
his own defect. Tliia very natural idea has greatly tended 
to retard the reform we have called for. It is, howeyer, in- 
correct, and docs not stand the test. On the contrary, esami' 
nations showed that a large number of color-blind were em- 
ployed in nearly all the positions on a railroad, without they 
or others being aware o£ their faulty color-perception. And 
further: a number of these, far from being convinced of 
{heir defect, even after the examination, insisted on repeat- 
ing the test (even six or seven times), giving all sorts of 
excuses in explanation of their constant mistakes. They 
all agreed in saying that they had escellent sight, never had 
experienced the slightest difficulty in distinguishing thesig- 
n^, and though a long time in service, and in most impor- 
tant posts, as locomotive-engineera for instance, never had 
made the slightest mistake. 

" Certainly we may well be astonished at this condition 
of things, and very naturaUy ask how it is poaaible for any 
one to perform the duty of engine-driver, for instance, any 
length of time without exposing a deficiency of vision so 
important for the performance of this duty. There are, so 
far aa we know, only two explanations: one is in the pecu- 
liar visual sense of the color-blind, and the exercise ai this 
sense in distinguishing the signals ; while the other depends 
on the conditions under which an engiue-dxiver ordinarily 
does duty. 

" As to the first explanation, we must remember that every 

i.'flOlor coming from an illnminated colored surface may be 

Vnore or less bright or dark, and every lantem-iight, even 

Bolored, may bo stronger or weaker. Hpnce, in a colored 
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ir Golori'd light, the eye doea not alone take note 

I color or i]ii;ility ol the light, but also of its qaantily 

isily. Whoii two objects or two lights appear of t 

) color to the eyes of ft color-blind person, they m 

1 reappcts intensilij. This being the sole differen 

L tlieae lights, it is particularly noted ; and thi 

1 a. result of special eierciae, such color-blind pere 

T atreug-thca his perception so as to in a certain degr 

Ike np for his color-deficiency. He resembles somewh 

OS who, deprived of one sense, replace it to a <i 

i by the greater exercise of one or more of their oth 

I. We have already noticed this point, so very imp 

a practice, but could not refrain from again revertL 

loro. Any one viha has experience from conversatii 

iiiti'lUgeut color-blind, or experimenting with Ma 

rotating disk, will have noticed their peculiar sen 

■!j3 to vnriling intensity of liijhl whilst comparing t' 

. iiiul hence can have no doubt as to how a color-bli 

1 can BO often distinguish between railroad-signals, ai 

|e the colors their true names. 

we not know this, we should be greatly astonish 

ind with, what facility a color-blind railroad employ^ c 

Itiiugulrili between the red and green flag, and general 

'I'd, green, and yellow lanterns by their right cok 

;1io intensity of the light, and not the color, whi 

lis (locision ; and this is Ike whole secret. The fla 

1IU3 liiive, in fact, usually a constant diSerence 

linteiisity. The green flag is to the color-blind, as also 

1 normal eye, undoubtedly of the deepest or darkest coli 

|l the red the most brilliant. As to the lanterns, the re 

(1 always recognize the red light by its being darker th 

fe green, and the yellow by its being clearer or more bi 

, th;L[i the other two. The green-blind finds also, in I 

, the led more brilliaut than the green, and diat 

lips it by tills. 

I" Tilt' olInT explanation lies in the conditions under whi 

Lt-cr lins to observe the signals. First of all,' 

neniber the great regularity with which all t 

LaJls of railroail service take place. An engineer atarti 

■V station at one end of the line knows very well 

ci: whnt stations to stop at, and which to pass. Unc 



^ 



ITS DANGBES AND ITS DETECTION. 



149 



ordinary circumstances he knows which light ought to be 
exhibited ou tlie Bignal-posta above the aeveral stations, 
The hand-ianterns are not as important, aince their color is 
not so essential, being supplemented, by nioyenients. Hence 
it is only under exceptional conditions that accidents can 
happen at stalions from mistakes as to the color of fixed 
lights. There may, of course, be a number of other cases 
exceptional to the ordinary regularity ; but we must here 
notice one circumstance, which probably has been and still 
is of very great importance ; namely, that the engineer is 
not the only one who has to watch for the signals. There 
is always with him the stoker, and near him a conductor, an 
oiler, &c., to aid him at critical moments. It must be ex- 
tremely rare that all the personnel of a train are afEected 
with color-blindness. 

"Considering only practically the fact mentioned, and the 
explanation we have given, one might perhaps imagine that 
color-blindness had some scientific, but hardly any practical, 
interest, and hence that all tlie talk that has been made 
about its existence among railroad employes in our country 
waa unnecessary ; because, as may be said, the color-blind 
have often been employed a long time in railroad servico 
without its being noticed, and without accident or the slighl)- 
est inconvenience arising; and finally, that, since they can 
really distinguish the siguals (although this Is otherwise than 
by color), their kind of blindness need not call for any pre- 
ventive measures. It is thus that a great many persona still 
reason. 

" We do not atop here to give the testimony of experience 
on this point in our country. Une fact is certain ; namely, 
that color-blindness in other countries has caused numerous 
and very fatal accidents. Even if this bad not been defi- 
nitely proved, it is none the less evident that we have no 
right to await another such experience before passing to 
words and acts, and in every way showing, that, notwith- 
standing the numerous circumstances which assist the color- 
blind in responding to the signals, danger is not wholly 
avoided, and the uncertainty remains. This is readily 
shown. Neither the fact that the color-blind have been 
employed many years on the railroads without causing ao- 
. eident, or even without their defect being discovered, nor 
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cumstances. The nervous apparatus of the eye may, like all 
other parts of the system, vary in its sensitiveness. The 
same light is brighter to a healthy eye in repose than to an 
eye fatigued and weakened. Every modification of the in- 
tensity of the light is, however, for the color-blind a change 
in color. From this we may judge how little dependence 
can be placed uix)n a recognition of the signals which the 
color-blind gain from exercise. 

" Hence, if we admit among a large number of color-blind 
an extraordinary faculty gained by the exercise of the eye 
with different degrees of intensity of light, we must equally 
deny that this is sufficient for the security of the roads, as 
we cannot be assured of all the lantern-flames being of the 
same strength ; all the glass of the same kind, of the same 
thickness, purity of color, allowing the radiation of the same 
quantity of light ; and, finally, of the eyes of the employes 
being always at rest to the same degree, this being practi- 
cally impossible. No person in his senses would deliber- 
ately trust his life in the hands of an engineer who could 
only distinguisli the signals by the difference in the inten- 
sity of the light. Ask any superior official of a road if he 
would be willing to take charge of and run a locomotive, 
assuming the responsibility, when uncolored signals alone 
were permitted, and a feeble light meant * danger,^ a medium 
one * attention or caution,* and a strong one * road clear* If 
he says no, tell him that these are just the conditions under 
which every color-blind engineer has performed his duties. 
The absurdity is evident at once. 

" The aid an engineer can expect from those within his 
reach is as little to be depended on as the intensity of the 
light, esi)ecially as he himself is directed to observe the 
signals, and is responsible for what happens. Without no- 
ticing all the possible cases when he may at the moment of 
danger find himself without help, it will suffice to mention 
but a single one ; namely, when his neighbors are also color- 
blind like himself. 

" To sum up : we may grant that a number of circum- 
stances concur in rendering railroad accidents from color- 
blindness of the personnel relatively rare, even when no meas- 
ures have been taken to avoid them, and experience has 
fbortimately confirmed this opinion ; but, on the other hand. 
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it is self-evident that such accidents may happen Bometimes. 
Here also experience toBtifies; and there are probably many 
more accidents due to this cause than those proved to have 
BO occurred. Under these circumstanceB it is the absolute 
duty of railroad managements and maritime authorities to 
look to it that no measure nhich can aid iu avoiding the 
poHBibility of these accidents shall be neglected, and to do 
all in their power to guard the linea of communicatioD in 
the land and on the sea against all the dangers nhich 
menace them." 

Direct testimony on these points is of so much 
value, that I quote from Dr. Magnus, who says, — 

" I knew an engineer who was red-blind. Eed and green 
were absolutely un distinguish able to him ; yet he could tell 
the red from the green signal, from having cultivated his 
perception of the difference in the intensity of the light. 
However valuable this capacity may be for the individual 
oolor-bliud, there is danger in it. It may happen — and, no 
doubt, often does — that the color-blind, by the cultivation 
of their power of appreciating varying intensities of light, 
conceal their defect, and induce their surroundings to sup- 
pose that they are normal-eyed. But this cultivated power 
of distinguishing the lights by difference of intensity must 
always be a very unsafe artifice, which succeeds a hundred 
times to fail the hundred and first. It is, therefore, a reiy 
critical thing for a color-blind railroad employ^ — for in- 
stance, an eu^'ineer — to hs able to conceal his defect for any 
length of time. So long as he does, so long are the trains 
in danger under his control ; for how readily may his artifice 
fail him by which alone he distinguishes the red and green 
signal-lanterns from each otherl Only the most careful ex- 
amination of all railroad craployis can x^rotect the public, 
which, thanks to our railroad authorities, is now conducted 
on all the German lines." 

Dr. Minder, in Berne, reports among hig cases 
that of "a very intelligent young man who was 
red-blind, hut was not aware of it. Ho held the 
position first of fireman, and then of engineer, 
on one of the Swiss roads. He was hardly at 
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V ^ork before Ms defect troubled hira. Thinking it 

twas due to the spiiit lie drank, he stopped this for 
[ a while ; but, the trouble continuing, he became 
I convinced that 'something was wrong with him 
, . about the colors,' and left the distinguishing 
the signals to his normal-eyed assistant. When 
, another man took this assistant's place, — who also 
seems to have been color-blind, — the work began 
to he 'uncomfortable.' As our red-blind engi- 
neer now had no control by his side, and very 
frec[uently was mistaken in his decision, there 
occurred a series of mistakes, fortunately only 
whilst manceuvring in tiie stations, which brought 
him occasional fines and other disagreeable cen- 
se quences. 

" The red signal-lantern gave him the most 
trouble, because, as he said, he could only distin- 
guish it when so near with his engine as not to be 
able to stop, and hence run by it. Ho did better 
with the green signal ; and, when asked why, re- 
<plied, ' Because it was brighter.' To the question 
how, then, could he tell the green signal from 
white, he, in a roundabout way, compared green 
to weak white ; and stated, that, with a lantern of 
white glass, he coidd, by screwing up and down 
the wick, and thereby changing the amount of 
the light, himself imitate the usual railroad-sig- 
nals. Very bright light was white ; very weak 
light, red; medimn intensity, green, — quite cor- 
responding to Holmgren's statements based on 
theory. The seeming impossibility of liis power 
of distinguishing being dependent on the amount 
or intensity o£ the light, induced me to search 
farther, and ascertain what a complete color-blind 
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rstond Ijy pure white. I found for this, also, 
greater color-sense than the normal-eyed 

ss, A whole series of color-blind were ei- 

Isly aslvcJ to select only the purest white. 

I sti^d.-i and papers they picked out, besides 

litt;, several shades of bright green, gray, 

iLv and dirty gray, light rose, and very light 

BTiio possibility that a color-blind may, through 

under favorable circumstances, remain 

liseovered, and as engineer or switchman per- 

1 his duty, cannot be denied. That the fillin g 

(lists by the color-blind, however, is a con- 

■jource of danger, can be readily under- 

For instance: a white lantern exposed to 

Bweather by snow or rain, by the absorption of 

, from the dimmed glass, may appear green 

, color-blind who depends upon the intensity 

Hie light alone. So also a green light may give 

limpression of a red one. By the accidental 

■ of thicker or darker green glass, or thinner 

I brighter red glass, the difference in the inten- 

lof the light may also be destroyed; and hence 

all tlio conditions for the occurrence of 

perous mistakes." 

ii a point in reference to steam worth 
Itioning here, — viz., its varying color; and 
Te its possibility of caiising mistakes. Pro- 
!■ Forbes, in 1839, noticed the sun, through a 
im of steam from the safety-valve of an engine 
llie Grfcnwicli Railway, of a deep orange-red 
Tiiis he again noticed on the Newcastle and 
lisle I'uad, and it induced him to experiment 
IIg lantern-light seen through escaping 



I 



ITS DANGERS AND ITS DETECTION. 155 

steam. It appeared red under certain pressure of 
the steam, and also green or violet under other 
pressure. Mr. E. Phillips, in 1852, followed this 
up, and found that the transmitted light was red ; 
and the reflected, blue. As to tliis, Professor 
Wilson well remarks, " Now it must ofteu fall to 
the lot of engine-drivers to watch lamps through 
euch au atmosphere, which will convert the (white) 
safety-signal into a danger-signal, completely alter 
the color of the (green) caution-signal, and bo 
darken the aspect of the (red) danger-signal as to 
render it invisible." 

To the even very slightly color-blind this will 
be intensified, and to the completely color-blind 
hia only means of distinguishing the signals will 
be gone ; viz., the difference in the intensity of 
the light. 

One of the dangers from color-blindness on our 
raUroads arises from the supposed cure or pallia- 
tion of it by exercise of the personnel with the 
colored signals, &c. Upon this latter point I dwelt 
when discussing the incurability of congenital 
color-blindness. It becomes therefore necessary 
to here criticise Dr. Favre's ideas and proposals in 
reference to such exercise. The whole matter, 
bowever, is put so practically by Professor Holm- 
gren, and is of such importance, especially in this 
, country, that I shall quote from him. In hia criti- 
cism of Dr. Favre's ideas, after speaking of the 
various ways the color-blind supplement their de- 
fect, he says, — 

" The color-blind railway employii has always a certain 
assistance at hifl disposal in distinguiahing the flags by day: 
for he sees not only the flags, but also the person who holds 
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them; a green grass-plot, a tree, a house, — in short, dl> 
jecta whose colorHiame he already knows. The importaaM 

of this is the greater from what we know of the value of o 
porison in the use of our other senses, and hence, also, of on 
color-perception. 

" From this it might be judged that it was a matter ot 
indifference whether the coloivblind oould be cured by exer 
cise with colors or cot, so long as they Can by other n: 
distinguish the Bignals. We admit they are thus by da] 
less liable to mistake them; but we cannot grant more. T 
color-blind can, however, never be sure, since they can ne 
calculate beforehand all the circumstances leading to c 
takes. Sunlight on a green flag, with the sorromidings i; 
the shade, makes it appear red to them ; or, what is wor 
the red flag on a bright day, when in the shade and the si 
roundings bright, will appear green. 

"The condition is much worse with night aerriee. ] 
comparison is then possible. Only the light itself is n" 
Tbible; and what adds to the difficulty of diatinguishinj 
the color of a lantern as compared with distiuguisbing ■ 
colored surface, is our accustomed way of using our aenaea. 
In fact, we do not take cognizance of the action of o' 
We do not ever think of the light radiating from or reflected 
by the object ; we rather refer all these to the object itself 
and regard them as inseparable attributes of it. We recoff 
nize the light of the lantern, without tliinking of Uh 
material on which it depends. We do not see the lanta 
or the flame burning in it, but only the liglit which h^ 
neither the form of the lantern or the flame, but is isolatei 
and immaterial in the air. Now the color-blind must d 
tinguish whether this is strong (colorless), medium (greeti)i 
or weak (red). This is asking more of the human ej 
Vbaa it can do with certainty." 

"The color-blind are therefore more oft«n mistaken i 
distinguishing colored lights than colored surfaces. If « 
show them one of the lanterns, they cannot distinguish il 
nnlesB previously practised. Showing them the red i 
green together, or in rapid succession, they generally distia 
goiah these from each other ; and, if we tell them the namUj 
they remember and call them correctly. The red-blind Aim 
that the red of the signal'lantem, such as used c 
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Ehvedish roads, is darker (tha,t is, weaker in light) than the 
green. The latter, howeyer, seemed to them darker than 
tiie common yellow light. The green-blind, on the other 
hand, find that the green light is weaker (that is, darker) 
tiian the red. With the next opportnnity these color-blind 
find the same. Kailroad. employes are therefore rather 
moreBuro; yet much is dependent on the special lanterns 
naed. One familiar with the nature of color-hlindneae will 
do better to use lantema with different glass from that com- 
monly employed, when desirous of exhibiting the precise 
character of this defect. Let him take one with a thin 
pale-red glass, and another with thick dark-green glass. 
The color-blind will then readily take the green light for 
Ted, and red for green or colorless. If the glass of the 
green light is smoked, he wiD take it for red. Cover the 
colorless light with steam or dew, and it appears to him 
green. Or let one do aa I, — namely, have lanterns, the 
glasses of which are prepared for this purpose, and differ 
from each other, aome haying colorless or so-called smoked 
glass of varying abBorptive power, — and they will quickly be 
convinced that the color-blisd is guided ia bis decision 
toleti/ hff the inlensittj of the light. 

" Another circnmstance assists the color-hlind in telling 
the lantern's light at a distance, which is also dependent on 
the inteusitf of the light, tjiough this connection is not at 
1. It is the varying way in which the light radi- 
ates outwards. This radiation is most intense with the 
ordinary lantern, since this is the brightest (strongest in 
light) ; whilst, when the lantern-light is weak (red or 
green), the radiation is very little or nothing. A color-blind 
railroad employ^ told me he thus distinguished the signals. 
It need be hardly said how unsafe this is." 

*' We see, therefore, that practice is of no avail for the 
,"o]or-blind. Otherwise an employe, who has hod daily ex- 
ercise with the colored lanterns for a scries of years, would 
have been cured of hia defect. A pretty wide experience 
has, however, shown us that not one of the many color-blind 
tM have examined sloo<l Ike (est. We must confess that a 
large number, from constant practice, had attained extraor- 
dinary facility, and frequently tflld the colors correctly." 
Aa a proof that comparison plays such a strong put, it 
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is often neceSBary to make Bpeoial choice of the psriicnll 
lauteniB for the teat. If we use the ordinary lanterns^ tl 
oolor-blind will only make mistakes at the commencenieii 
If they see all the three laotem-lighta together, they a 
deceived much more seidom. A colorleaa g-lass, with mo: 
tore on the surface, will at first be readily taken for g 
a smoked green gloBS, for red." 

There is another peculiar danger on railroada 
A mixture of the two complemctitarj' colors, r 
and green, necessarily employed, produce whit 
light. This, of course, does not affect the eoloi 
blind in the same way aa the normal-eyed ; yet i 
adds to their confusion. The law of tlio mixtui 
was naturally well-known ; but Mr. W. H. Tynda] 
in 1853, first, I think, called attention to its vbi 
practical bearing. He says, — 

" Now, we have this curious fact, that on the railways tf 
anion of the two colors — the primary rerf to indicate danga 
and the secondary yreei to denote caution— togethermak 
white, the signal for entire safety. This, perhaps, does n 
practically appear in experiment, when the mind is on £ 
alert to distinguish between tlie two colors. If the r» 
from a green lamp, such as are used on railways, are throw 
upon a white board, and those from a red lamp are directi 
to the same spot, — the distance of the two lamps from ti 
board being equal,— the red rays, though rendered paleq 
predominate. There is, in fact, too much red. But th» 
red lamp may be removed so much farther from the boati^ 
than the green one as to allow the green rays to predominate! 
and there must be a point of dbtance where neither colq 
woold predominate, and at which the mixture of the r^ 
on the board would be white. I recently made an eipe ' 
ment on one of the metropolitan railways with a green a 
a red signal-lamp. A man was stationed at the end of I 
tunnel, about four hundred yards long, and directed to waV) 
the two lights together. The pointsman at the other end, I* " 
knowing any thing of the nature of the esperimenli wi 
asked what light was waved. He was satisflBd it was whiti 
and conid not be persuaded that two lights — a red and 
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green — were really used, although the matter was afterwarda 
explained to him. Now, it may sometimes happen that, in 
rapid travelling, the rays from a red lamp and a green one 
shall flaah together across the sight of an engine-drirer ; or 
the unsteady motion of an engine may render the driver un- 
able to see distinctly and separately two signals of different 
colors, the rays from which may fall upon his eye in parallel 
lines. In either case it ia not improbable that the light 
might be regarded by him as white. A light may be dis- 
cerned without the color of it being distinctly seen. In 
Bueh case it would most likely be regarded as wiiite, — tJiat 
being the moat common. It ia not improbable that some of 
the accidents which have occurred in railway travelling have 
arisen from the colors of the lights shown beiug indistinctly 
seen ; perhaps from a confusion of raya from two or more 
lampa. In some cases most contradictory evidence has been 
given OS to the color of the signal shown. The subject is 
perhaps worthy of the attention of railway engiiieers." 

The following is an interesting proof of how a 
Bhrewd observer may, from lack of knowledge of 
the peculiar condition above explained of the 
color-blind's perception, fail to explain cases pre- 
sented to him : — 

Mr. Thomas Nelson, an optician in Chicago, DL, 
in an article in " The Chicago Railway Review " of 
March 30, 1878, says, — 

"I have kept recorda of various accidents that have oc- 
curred, both upon land and water during the past few yeara ; 
■ and I bave gathered such information about some of them aa 
. I could get outside of official sources. Often I was unable to 
get any of any value ; but I am convinced beyond a doubt 
that a large proportion of them could have been traced to 
color-blindness for a correct solution as to the primary causes 
of the accident. The query haa been made, that if these 
defects in their various forms are as m.merous and of such 
a, dangerous character as has been shown, how can wc ac- 
count for such a comparatively small number of accidents 
occurring which might be charged to them V I have attrib- 
uted it to the high average intelligence and acquiied oao- 
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i?i]pneers and pilots as a clasB. They fasve be- 
liiitameil to be on the lookout for daugar, tbat 
jii.i are easily aroosed, which creates a sort of 
j^orerns their actions, and thej do notTecc^iuzB 
I tlieir jierceptiDna are correct. My convictions in 
■e been greatly strengthened within the past 
Ib^, there having been related to me gome experi- 
^ii^neer, who was continually making narrow 
lund, after watchiug his actions nnder different cii^ 
s fur a time, coloc-blindaeBS was suspected, proved, 
ird acknowledged by him. The correctness with 
I formed conclusions under the existing circum- 
loulJ indicate that he had some means by nbich he 
fed to form a plan of action ; bat he decl&red that 
l)tljin[; upon which to base his actions but the c&n- 
I acquired in that branch of service." 

aiis he had to assist him were of conise 

I \-arying intensity of the light, when red, 

wliite. This is an intetesttng proof of 

Rally unaware a color-blind may be of the 

Isupplements his chromatic defect, as also 

I may escape detection. 
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DANGBBS FEOM COLOK-BLIHDHESa ON THE OOBAK. 

If we turn now from the land to the sea, we 
shall find the dangers from color-blindness as 
great, or even greater. The largest majority of 
those color-blind are so for red and green. These, 
however, are the qplors necessarily chosen by all 
nations to be by law carried on the two sides of 
all vessels from sunset to sunrise, — the green 
light on the starboard side, and the red light on 
the port side. These are so arranged that they 
can only both be seen when the vessel is directly 
ahead, and far enough off to allow us to see both 
sides. These lights show us, therefore, the position 
and the direction of motion of a vessel. Mistaking 
their color will of course be most disastrous. 

Dr. Romberg has classified the reports of some 
maritime accidents from 1859 to 1866. They 
number 2,408. 

Want of skill, or carelesBneaa, of the ship personnel, 
or the accidents which it was impossible to prevent 
or avoid 1,562 

Error of the pilot or captain 215 

Want of obscrvatiou or proper interpretation of the 

mleH of the way 537 

Undetermined csiisea 9i 
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■nf]er the last three heads, in the large number 

■4C, there are probably some attributable to 
Ir-bliiuhieas. They all are not accidents from 
llcssnesw or want of skill; for those are in- 
Bed in iinother series. 

1. L(5onee Raynaud and M. Degram have dem- 
■uted the effect of fog on the color of lights. 
iiiiHt makes white lights reddish. In thick 
■ fjreeii lights appear white. A sailing- 
Iter jTieeta a green light rendered pale by a 
K night: in whatever amount he is color-bl^d, 
liat degree will the light appear white to him, 
Ming most dangerous hesitation ; or, even if 
Tiiiccd he has not a green light ahead of him, 
luanoiuvres as if it were a red one. Colore 
flness may therefore well be considered as one 

! causes of collision at sea. This imperfeo- 
J may, however, occasion the loss of a vessel in 
Bber way : I mean in the recognition of lights 
llie coast, &c. Dr. Feris reports three eases of 

mistake from the " Annales du Sauvetage 
litime," vol. iii., 1873, He says, — 

I color-blindness is considered a grave danger on rail- 
t, how much more on the seal Colors are very impor- 
mariner; the flags, the side-lighta, and even the 
Bhouses and buoys and beacons, present various colors, 
'mpoaaible for a helmsman or a signalman to interpret 
t Bigiiala if they have no appreciation of color, 
rswith flag-signals are not so likely on board of vessels, 
employed in daylight, and more often controlled 
11 chnr^. But tlie men at telegraph-stations are 
I alone, not under observation, and hence more likely to 
I mistakes. National flags may be mistaken, but more 
Bially the white, red, and green Bengal lights used as 
T-siy;nals. ... If good color-perception is necessary for 
m, how much more for the commander of a r^sel I 



ITS DANGERS AND ITS DETECTION. 163 

The increase of collisions at sea is an indisputable fact. 
How many remain unexplained, or referred to another 
cause, which are no doubt due to the color-blindness of a 
single man 1 " 

The testing for color-blindness has already com- 
menced in the navies of Prussia, Russia, Norway, 
Sweden, Denmark, and Austria. My friend, Dr. 
Ed. Hansen of Copenhagen, writes me, June, 

1877, — 

** I have had the opportunity of examining a large num- 
ber of the individuals who enter the royal navy: I hope 
some day to be able to give you some statistical information 
on this point, if you still take an interest in it." 

Professor Holmgren reports as to the examina- 
tion of 4,225 Swedish sailors, finding 94 (or 2.22 
per cent) color-blind. 

Dr. Lederer was appointed by the medical de- 
partment of the Austrian navy to test sailors at 
the naval station at Pola. He examined of the 
saUors at the station and on the artillery school- 
ship " Adria " 1,312, finding 63 (or 4.8 per cent) 
color-blind. There has been some misunderstand- 
ing as to his report due to his employment of StU- 
ling's cards and pieces of colored glass and paper, 
instead of Holmgren's infinitely more sure and 
ready method with the worsteds. 

Dr. Feris of the French navy found, among 501 
officers and men, 47 " who presented in varying 
degrees an alteration of the chromatic sense." 
Their ages were between seventeen and fifty years. 

Dr. Favre, in France, records the examination 
of 1,050 men for the navy or lighthouse depart- 
ment, and finding 61 (or 5.8 per cent) more or less 
color-blind. In discussing the question, he also 
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matea some remarks in reference to the loss of the 
French steamer "VilJe du Havre" by collision 
with an English sailing-vessel. This fearful acci- 
dent most painfully interested us Boatonians, since 
so many were lost from our midst in that ill-fated 
vessel. I have frequently expressed in private 
my own suspicions that the accident may have 
been caused by color-blindness; but I will here 
simply quote Dr. Favre : — 

" After (he losa ot the ' Villa du Hayre," the newspapers 
which deHcribed the colliBion atated moat positively that the 
green light was not recognized in time. If the ateamer'g 
officers and crew, who should have seen the aignal-light, 
were never tested for color-blindneas, there is one chance in 
twenty that the officer or Bailor whoso duty it was could 
not distin^ish green, and one in seventy-five that he would 
confound this color with red. We know how the matter 
ended. The English admiralty decided that the English 
vessel was free from all blame, and the Preach admiralty 
declared that the French vessel could not be in any way 
criminated. No one thought of attributing the mistake to 
the very probable one of color-blindneaa." 

I lately had curious proof of the color-blindneas 
of a sea-captain, who, I understand, has now retired 
from active service. He was in the habit of work- 
ing worsteds to while away the monotony of a sear 
These worsteds, however, always had to 
picked out for him, and the colors marked, to 
his making mistakes. 
Dr. Daae of Kragero, Norway, in a lecture on 
color-blindness, given April 10, 1878, before tJie 
Medical Society of Christiana, says, — 

" We mu3t admit that the possibility of confounding the 
signal- lantern a iu general is not so great 
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red or green color, which even those quite color-blind leam 
to distinguish hy the difference in the intensity of the light. 
The signals, moreover, come at stated times aad places, 
so that it is known wliere they are to be espected ; and thus 
they can be seen and distinguished at leisure, as it were. 
Not so on the ocean. In the lanterns of the various vessels 
the color of the green or red glass Tories considerably. The 
green glass varies also more in intensity tban tone. Now 
let OS suppose no eignal-light has been aeea for some little 
time, when suddenly a red or green one appears, and but 
one. The question is then, Is this a red or green light? 
The vessels are close, and instant decision is necessary. Or 
several lights are seen, and the ship we are in is sailing be- 
fore the wind, and hence bound to keep out of the way. 
Most old sailors can remember cases where those on board 
TSere not agreed as to the color of a lantern. 

" But how can having rules forthe marine of one country 
only ba of avail ? On the ocean vessels from all part* of 
the world pass each other. When two vessels meet, it will 
help but little if the officers and crew of but one vessel have 
normal color-perception. If there are color-blind on the 
other vessel, collision may occur. 

" As to the railroads, it is not of such importance that 
the requirements as to color-blindness should be the same in 
all countries. If one country has one set of regulations, and 
another a different. one, whilst the third requires no exami- 
nation, it concerns only the individual country itself. But, as 
to the marine, it is necessary to have an international law." 

The test for color-blindness bow being so simple 
Itjts to be readily carried out by the surgeona at- 
y tached to vessels, especially naval medical officers, 
there can be no great difficulty in having an in- 
ternational commission meet, and frame the laws 
which shall govern all the navies and merchant- 
marine of the great maritime nations at least. It 
would then he as readily recognized that every 
officer and man must be as able to perfectly distin- 
l.ifuish the red and green lights as to know where 
■ what they mean. 
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CHAPTER XVI. 



IvE given ihe statistics of the frequency of 

l)iu(liiL->i? ill Europe from many observers, 

I lliis Louiiirv from mj own tests. Its fre- 

i[>o. am^mj railroad employes and sailors 

jpT-iiveLl by European research; unfortn- 

'■t y>-r ill the United States, I do not 

V o::'.- ^viJl now doubt that from two to five 

ui iliL- men abr^olutely daily employed on 

(lal- in this country are probably color- 

Tiiis giLinted. we are at once asked. Why 

. use sume other colors besides red and 

n<l, wlien this is answered, why not use 

iisicuil of color, or the grouping of several 

ts. iu. ? 

iinjf ago convinced theoretically of the 

litv i)i substituting form for color by day on 

l-iti/liL'.-;. and efjually of the impossibility of 

; iiny other colors for reil and green as 

s, l-Ixpfiiincnt and observation have 

ii.cil iiic practically that the raifroads 

■ 1( rm instead of color by day, and can not 
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substitute form for color by night. Red and green 
are the colors which we must select as being most 
in contrast, and also for many practical reasons 
in reference to the glasa, Sac. This I have repeat- 
edly shown at scientific societies. Experiment 
also has proved to me that red and green must be 
used as night^ignals on the sides of vessels. This 
matter is, however, too important for me to simply 
give my own unsupported opinion. A color-blind 
baa gravely discussed mth me the necessity of 
changing the signals to meet his difficulty, saying, 
" It was not right to throw a man out of his em- 
ployment for a congenital defect, incurable." We 
bave no better authority than Professor Holmgren, 
who explains and discusses this (question of other 
colors or form, &c., so thoroughly and so practi- 
cally, that I must quote his remarks verbatim. As 
to the modification of the signal system, he says, — 
"If congenital color-blindness ia incurable, — orat least if 
we know no actual remedy for it, — it is necessary to doTiae 
some other method (while retaining the coloT-blind in the 
employment of railways) of guaranteeing the communica- 
tions against any mistukcs thoy might commit with regard 
to signals. It is seen by what precedes that these errors can 
and must occur in the use of the signal-colors generally 
adopted, — rei!, green (and ijelloai). The color-blind has only 
two primitive colore ; whilst the normal-eyed, according to 
the Young-Helm holtz theory, has three. Bat the usual rail- 
road signal-colors are just those primitive ones which neither 
the red nor the green blind can perceive. This choice seems 
"lerefore unfortunate. Wilson is of the same opinion. If 
A and green color-blindness are the kinds of complete or 
partial blindness which are most generally seen, it would 
seem that the difficulty might be considerably diminished, 
if, in place of using the actual colors, those should be b6- 
lected best suited to these kinds o£ color-blindness, although 
they might not suit the third kind of partial color-blindness, 
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Bclirotaatic seose nature haa refused them. 
Bmmutablc qnality of a numlier of objects, 
Bare of one. some of another color, it ia not 
I learn by Iieart the names of their colors. 
B impression ia not necessary for this. We 
Bd person, even one born so, give the exact 
Rlors of ordinary and well-kaown objoete of 
tni. For a color-blind person this ia easier. 
Bos aome help from his incomplete chromatic 

Blly test tbb, I thought of examiniiig 
lilind people before whom the subject 
I discussedi and who wouJd answer to 
lieir knowledge and ability. The fol- 

Brontain-; the results obtained iu seven 
■riie hifU the eighth, & hoy of fifteen, 
Bly bliml to color ; and it will be seen 
m, bis answers were. He was prac- 
lid as the other seven as to form, &c. 
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)ur ordinary Bouroea of artificial light, are employed; 
I is V. liy all appear yellow or red when compared with 
t of day. Uuder such circumstances blue glass can 
Irally transmit only a small amount of blue light; and 
lliglit of a bluo lantern must, consequently, always be 
bly lumiaous. 

course the intensity of the light will greatly depend 

iiickncss of the glass. But what ia gained in inten- 

Iby a tliin glass is lost io color ; for, whilst thin glass in- 

t';s tbo intensity, through it will pass, besides the fewer 

I rays, also the red and green. Hence the blue rays be- 

m inverse I'atio to the thickness of the glass, more 

I those from an ordinary lantern, and therefore, to a cer- 

[■ree, white light. The light is in consequence very 

LDce only enough red and green light passes through 

ia to balance the blue rays. 

lU'liat we have just said of blue applies equally to indigo 

n%iolet. The proposed changes of the colora of signaJa 

liahi's, therefore, but two colors in place of three ; and 

one ii a very feeble light, so that it is difficult to Bee 

r uS when sufficiently colored. This state of things 

:Aj holds out much inducement to introdace a re- 

1 Lif this nature. And it seems the more dangerous 

' ' I change of colora in the signals would cause those 

I normal sight amongst the personnel to run the same 

I thiit the really color-blind do : I mean that they would 

to distinguish and judge the night^ignafs alone 

Ihc intensity of the light. The safety of the service, as 

i; shown, would gain nothing, and it would be diffi- 

hnd a conscientious man desirous of cootinuing his 

:i(li>r these circumstances. Such a reform in behalf 

llie color-blind would, de facto, shut out a much larger 

jbLT []£ normal-eyed. 

I Wo Iiivve heard that blue lights are used on the Ameri* 
Iroads. This wo ore not able to deny, but must first be 
red that all the American employes can distinguish the 
lala there used, and then learn all the details of the rail- 
p acoidcuts which liave hapjiened in that country. 

-I'sult []f all that we Lave just said is, it seems to us, 
L the iiro[K>se<l change of the signal colors is not very 
and such would be the case with any other choiea 
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of two colors. It must at least be conoedod that the new 
signal-colors would be to every normal observer worse than 
those now in use with us, as with nearly all nations ; in 
brief, if they were adopted, it would diminish the public 
safety. We must add, that, by adopting them, the principle 
we have explained is not taken into consideration, according 
to which it is necessary to use a system of signals adapted 
to all kinds of color-blindness, since the violet-blind are not 
able to distinguish between yellow and blue. The proposed. 
change should therefore be rejected, it seems to us, on every 
practical consideration. 

"(3d) Colorless Light and Darkness, Black and While. — It 
has been seen that it is impossible to hope for colored signals 
suiting every one, color-blind or not. It becomes necessary, 
therefore, to try to devise a plan for establishing a system 
of signals independent of colors, and based upon the intro- 
duction of a colorless light of different degrees of intensity. 
We have already discussed the most important of the points 
in reference to the intensity of light. While there is noth- 
ing more sensible to our sight than the relative intensity of 
two lights placed side by side (when the absolute intensity 
does not exceed certain limits), in the present case the only 
comparison involved is mads from memory, so to speak, 
which is equivalent almost to an appreciation of the abso- 
lute intensity of light. We are so far from being able to 
judge of this, that, in spite of a deeply felt need and con- 
stant efforts, science even has not succeeded in discovering 
suitable measures to apply to it. 

"It is, however, necessary to acknowledge here that asys- 
tern of signals based only ou two extremes of intensity of 
light^namely, on light and darkness, white and black — 
ought to suit the normal observer as well as the color-blind. 
Moreover, such a system ought to satisfy all exigencies, pn>- 
Tided it is practically applied, and that two signals only are 
sufficient. A white and black flag, &c., would fully suffice 
during the day : but such would unfortunately not be the 
oaee at night; for a black light is a contradiction of terms, 
and it would be necessary, consequently, according to this 
system, for the night, when signals are of the greatest impor- 
tance, to be limited not to three, but to one signal only, unless 
ttie absence of all signals could be considered as one. Hera 
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it might be well asked, whether the better system is not thrf 
which is hosed on tha alternations of darkness and light; 
that is, movable signals or pclipsed signal-liglita. But we 
will not enter a field unfamiliar to us. We cannot, however, 
but have a sensatioii of dread fit recalling the various arti- 
ficial means railroad management would have to depend 
upon for the purpose of retaining or accepting the color- 
blind in service. Ah far as we know, no system has yet 
been discovered, based upon the principles alluded to above, 
which could advantageously take the place of the one actu- 
aUj in use. 

"(3d) Form, MovemftU, Number. — If we do not succeed in 
finding a suitable system of signals, based on the differences 
of the quality and quantity of light, there remains but to 
appeal to some arrangement in space, if absolutely limited 
to the visual sense. 

" Of our other senses in reference to recognizing signals, we 
might, besides the eye, appeal to tlie ear. Both can receive 
impressions from a great distance. But for our purpose the 
ear is still less adapted than the eye ; and the former can 
only bo regarded as secondary for certain definite purposes, 
or at short distances. For example: in foggy weather the 
whistle and bell are used, &c. Many difiercnt ways suggest 
themselves of varying the signals by form and arrangement 
in space ; largo brilliant surfaces arranged in different forms; 
several small lights grouped in different positions with refer- 
ence to each other; lights simply disposed, but differing in 
value as signals according to their number, or else iljutui- 
nated figures of simple colors, and produced by different 
movements, and so on. A practical difficulty seems to tw 
connected with such a system : the signals require the illu- 
minated surfaces to be large enough, or placed at distances 
considerable enough between the luminous points, to appesj* 
distinctly afar off. Now, the larger such a figure, having the 
outlines marked with luminous points, the greater the risk 
that a portion of it be hidden by other objects intervening 
between it and the eye. These two inconveniences must be 
apparent, particularly if these surfaces and illuminated fig- 
ures hare to be placed at every point where colored lanterns 
are found ; as, for example, on locomotives and cars. More- 
over, it will be very difficult to place these signals at all 



I 



ITS DANGERS AKD ITS DETECTIOK. 173 

points of the road where accidents may happen. These 
doubta are perhaps groundless, and poasibly better not ex- 
pressed, 88 being out of our range. 

" It is rather our purpose to discuss this point generally, 
and examine it scientifically. We would say, therefore, that 
our eye can more readily detect difierenoe in color than 
difference in form. The reason of this is very plain. The 
retina alone, of all the several parts of the eye, must bo 
reached by the light, to give ua a definite form or definite 
Jight. For the light to reach the retina, all parts of the 
eye in front of it must be transparent. When this alone is 
the case we can perceive the color of an object or a light; 
but if its form is to be appreciated, not only must the light 
reach the retina, but it must affect it strongly and definitely 
to give us a clear picture of the object. The difference, as 
we see, is great. The whole dioptric apparatus of the eye is 
necessary for the form of an object to be perceived, whilst 
Buch apjiaratus is superfluous for simply color-perception. 
The greater the number of the active agencies necessary to 
accomplish a certain work, the greater tlie sources of error 
in the accomplishment of such work. All organic diseases 
of the cornea, the crystalline lens, or the vitreous humor, 
hinder the perception of the form of an object, but not of 
its color. The advantage as respects color-perception from 
this is all the more when wo remember that the most fin- 
ished dioptric apparatus of the eye is relatively imperfect; 
and this imperfection is still further increased by Inany 
anomalies. What would a sailor do who had to determine 
0»e form of an illuminated object by the help of a poor spy- • 
glass, the glasses of which were dirty, broken, or badly 
ground? Probably he could not do it; whereas he could 
decide the color of tlie light in spite of his poor instru- 
ment, which would simply reduce the brightness. 

"If the system of signals were based upon form, and all 
persons discharged from the service of railways, who, in con- 
sequence of an imperfection of vision, could not clearly and 
decidedly distinguish these signals at a distance, the propor- 
tion of such would be larger than that of the color-blind. 
To form an idea, of the difierent capacities of the normal eye 
tn the various senses just mentioned, we will recommend a 
▼ery simple experiment. Take something, — colored paper. 
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for csample ; make aome plain flgares, such as letters, oiie 
of which must be attached vertically to a large blacfe or 
white Burface. To prevent any distraction from aahjective 
influences, let some one else select and attach this letter, 
while the observer stands at such a distance, that, even with 
the eyo directed toward it, but a single object can be seen. 
If the letters aro smaU, it is not necessary that tho distance 
should be very great. Then, if the symbol be slowly ap- 
proached, with the eyo flsed on the colored surface, the 
following observations in the order in which the different im- 
pressions succeed each other will be made : When the letter 
is first perceived, neither form nor color can be distingnished. 
Nothing ia aeen but a point or patch darker than the back- 
ground, if that be white; or lighter, if it be black. The first 
attribute remarked, as the distance diminishes, ia ita color. 
"When the color is very distinct, it is necessary to approach 
conaiderably nearer before the form is perceptible; that is 
to Bay, before this letter can be read, and its name given. 
Thia simple experiment clearly shows that the eye, as far as 
it ia possible to compare its capacities in different directions, 
ia first sensible to the relative intensity of light, then to 
color, and finally to form. It would be necessary, of course, 
to consider various circumstances relatiTe to the choice of 
color, form, &c., if the experiment should be made with ex- 
nctness to serve as a basis for a scientific demonstration. 
What we have said auiSces, however, to point out what di- 
rection a reform in the signals should tate, granting that 
any such change is deairable. If a signal system could be 
found and practically introduced which depended on light 
And dark, then it would be preferable to the present in use. 
If such fails, then we must consider the present as the most 
practical, because based not only on tlie principle of the 
difference in the quality of light, — that ia to say, on color, 
— but also because just those colors have been chosen which 
practice has proved to be beat auited for the purpose. Ex- 
perience also seems to have decided in favor of this system'; 
sinfce, in spite of the snbatitntea jiroposed with a view to re- 
tain the color-blind, it has up to the present time maintained 
its ascendency, so to speak, throughout tho entire world," 

As I have already said, our very practical Ameri- 
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can people have gradually discarded the use of all 
but red and green lights on the railroads, with but 
few exceptions. On the sea, of course, the use of 
other than red and green signals is impossible. 
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KECESSITY AND DITPICULTr OF CONTltOL. 

Are there no measures now taken in the United 
States to avoid danger from color-blindness? will 
here at once be asked of me. I would much like 
to have been able to report on the some two hun- 
dred railroads of the United States in respect to 
any examination of their employija as to color- 
blindness. It is, however, a delicate question. 
From what I have learned, I conclude that here 
and tliere railroad superintendents keep it in mind; 
and when, from accident or otherwise, suspicion is 
aroused in reference to an employ^, the latter is 
tested by the superintendent with the flags or lan- 
terns used on the road. This suffices. No medical 
man — and much less an expert — is called upon 
to decide. If, anywhere in this country, there is 
at this time any thing like a systematic test for 
color-blindness of the personnel of the road, I shall 
be agreeably surprised to learn it. There may be 
— but J do not know of any — salaried railroad 
surgeons in the United States, whose duty is wholly 
with the road, and who could learn to test for 
■ ' blindness. Even when a test of an employiS 
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has been reported to me as made, I have had no 
proof that it was not simply lack of good eyesight, 
and not lack of color-perception. I shall be only 
too happy to be corrected by the management if I 
am wrong io stating that the raiiroada of this 
conntry are not more protected from the danger 
of color-blindness than were the roads of Enrope 
before the very recent successful systematic efforts 
on the part of those from whom I have quoted in 
this volume. I believe practically nothing is at 
present sure to protect the eommunity in this 
respect. 

In the merchant-marine service I very much 
doubt if it is any better. I have been told by 
naval officers that care is taken in tliis respect so 
far as to look out that the men make no mistakes 
as to the port and starboard lights ; but I have not 
learned that any systematic scientific examination 
of the naval persminel is carried out by the sur- 
geons of the navy. I believe I am right in saying 
this also of the army. But both army and navy 
surgeons are eminently qualified to learn and use 
the present methods of testing for color-blindness, 
the danger from which they can equally appreciate. 
The government can, and no doubt soon will, 
carry out proper examinations for color-blindness 
in the army and navy. General national laws can 
also be enacted as to the merchant-mai'ine ; inter- 
national will come in time as a matter of necessity. 
.The difficulties with the railroads are, however, 
very great. Here the interests and safety of 
the eommunity have to contend with ignorance, 
prejudice, pecuniary considerations, and incredulity 
born of supposed immunity from danger. These 
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corporationa have no surgeons attached to their 
roads, who, in their interests, could carry out proper 
examinationa to both protect themselves and the 
community. Even when interest is awakened 
from acknowledged danger justly feared, railroad 
managers are very likely to turn to any one calling 
himself a medical man, and rely on his statement 
as to his ability to examine and pass judgment on 
their employ^. Then, when they are satisfied 
from his reports that they are safe, and accident 
happens, color-blindness is proved in the employd 
before the court and jury, and at once undeserved 
miscredit is thrown upon the surety and useful- 
ness of such examinations. It is therefore with- 
out hesitation that I would caution as to the choice 
of those to be engaged in testing railroad employes 
for eolor-blindness. The Ufe-insurance companies 
of the country recognize this most thoroughly, — 
80 much so, that examination for life-insurance is 
almost a specialty. 

We can scarcely hope for such practical good 
results as were shown in Sweden, where, by the 
simple efforts of one scientific man, all the railroad 
employes of the country were in a few mouths 
tested, and laws to govern the future made and 
enforced ; yet exactly the same is possible in this 
country as there. Either the state governments 
or the state railroad commissioners can require 
thorough examination of all employes for color- 
bhndness, or the railroad managers can do it them-* 
selves. It is with some natural curiosity that the 
solution of the problem will be watched. In one 
of these ways this safeguard to travellers must 
oome, since they will learn tlie danger they incur 
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BS quickly aa the railroad corporations the daoger 
they subject them to, not to speak of possible 
damages recoverable after an accident due to color- 
blindness. Not only must railroad employes and 
mariners have good eyesight, but they must be 
proved to have normal color-perception. 

Professor Holmgren is at the bead of the control 
in Sweden ; and his practical knowledge and ex- 
perience render, of course, all ho says of great 
value to us about to commence this wort here in 
the United States. He states as follows : — 

"No half-way measures are allowable. All employes 
irith defective chromatic vision must be removed from poats 
I of danger. They should be required to distiuguish the sig- 
. nals by their color as tlie normal-eyed can. The violet-blind 
' tnay be allowed on the road. This defect is so rare as to be 
' scarcely ever met with. There are, of course, positions on 
tbo road not requiring the reading the Bignals; but it is a 
bad plan not to be able to call on any employd in an emer- 
gency. Any method of testing for the elimiDation of the 
color-blind will be in place which is luio cito el jucunde, 
the carrying out of which gives the best results in the quick- 
> est time, and is open to the smallest amount of difficulties 
I and misunderstan dings. It must not fail to detect a color- 
blind, or prove that an employ^ is normal-eyed. Whilst 
there must ho no question of tboronghness, it is to he re- 
, membercd there are hundreds to be examined, and but little 
i can bo given to each individual. We cannot have 
I heavy or costly apparatus to be transported. These points 
I «re to be considered in reference to any method." 

" Testing shonld be only in the hands of those who nnder- 
t Btand it. On the roads and in the marine the surgeons have 
I the scientific knowledge necessary to carry out examinations. 
V On board ship the sailors could be at least roughly tested by 
f the captain. There are cases where a Bpeeialiat would need 
O be employed to decide whether color-blindness existed or 
r not, as an ordinary surgeon would shrink from answering 
) because not in position so to do. So, also, a specialist would 
he called upon to decide whether the defect was simulated." 
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" There is a difference to be made between those in, and 
thosB seeking, service. The latter we can hare time for in- 
dividnallj. The former, when a general examination is 
undertaken, requires from the numbers great care and decis- 
ion. A thorough examination wonid seem to insure safe^; 
but acquired color-blindness must be remembered. And if, 
aa ia claimed, coIor-blindneBS may grow better, it also may 
grow worae : hence the necessity of contiilned Tigilanoe, and 
watching for cases from disease or injury, in addition to the 
Qiorough examination for al! congenital cases. The possi- 
bility of an employe claiming to hare been made color-blind 
by accident, after haviog been received into service and 
passed his color-test, is a matter also to be thought oi. 
Color-blind oess from railroad injury has been found by Dr. ■ 
Favre for instance. The rights and claims of the road, or 
rather the public and the individual, are often nicely bal- 
anced, and great circumspection is necessary. Severe dis- 
eases like typhus, as well as injuries, and also the abase of 
spirit and tobacco, cause color-blindness. Hence, after ac- 
cidents, the personnel interested should be again tested, and 
always any drinking men or heavy smokers quite often 
looked after." 

" After every railroad accident or collision at sea, depend- 
ent in whole or part on misunderstanding colored signals, 
not only must the men directly at fault be tested, but also 
all those used as witnesses. The necessity of this is self- 
evident. It would be absurd to pnnish any one because a 
blind man says he saw him break a rule, or let a man go 
free because a blind man says he saw him obey the mle- 
The same as to color-signals; no witness should be admitted 
who is not proved to be free from color-blindness. This is 
so plain that discussion of it seems useless; but it is not 
recognized by the guardians of the law. The whole ques- 
tion of color-blindness or not, when claimed or deuied, must 
(all witliiQ the province and decision of the specialist 

" Granted now that tests are introduced, and thorough 
examinations cariied out on our roads, what is to become of 
the color-blind? The defect, we know, exists in all degrees 
of severity. Whilst there will be no doubt of the necessity 
of dismissing the large majority, the decision as to the 
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others can be determined by the esamioer cVDsiilting with 
the management, and explaining the character and degree 
of the trouble. The possible danger of the incompletely 
color-blind being called upon to decide colors quickly, must 
never lie put oul of sight, and this may occur wkalever his position 
on the road." 

" We would again repeat that it is the interest of the man- 
agement, aa well as of the public, to remove absolutely all 
difficulties and dangers arising from color-blindness. This 
end cannot be considered as attained so long as a single 
Color-blind employd remains in service. When all color- 
blind are eliminated is the reform first commenced. It is 
no less necessary to carefully test periodically those with 
doubtful color-sense allowed to continue in service, to find 
if they are better, or woi-ae; and these periodical esaminar 
tions are necessary as long as any with hat imperfect color- 
sense are retained, and the question remains undecided 
whether their defect on the one hand may improve or be 
cured, or, on the other, become worse or develop later," 

"To settle positively these questions, periodical examina- 
tions must be made, 1st, of all with defective color-sense, 
once so proved ; 2d, of those who have been injured; 3d, 
of the whole personnel, in order to detect any who have 
become color-blind without perceptible cause. How far 
these periodic testa should be carried out depends, of course, 
on how thoroughly the original examination has been, and 
how strict our laws of rejection have been." 

" From what has been said, we see the absolute necessity 
of the government and raih-oad administration being thor- 
oughly acquainted with the color-sense of their employes, 
and the thorough testing and elimination of all color-blind, 
as also the preventing the admission of any such here- 
after into service. Whatever stand-point ia taken, there 
rests the very serious importance of the strictest examina- 
tion of the entire personnel. To carry such out with success, 
it is of course, first of all, necessary \o have a practical 
.nethod .of testing that fulfils its purpose in every possible 
direction. We lay all the more stress on this point, since 
we believe that it has been principally the want of such a 
method of testing which has hitherto prevented the reform 
desired and urged by us." 
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CHAPTER XVIII. 

METHODS OP TESTING FOB COLOR-BLINDNESa. 

Trusting that by this time my readers are 
convinced of the necessity of testing all railroad 
employes and the marine personnel, we can now 
turn to the question of the teat itself. On this, of 
course, depends our certainty in detecting and elim- 
inating the color-blind. The whole recent wide- 
spread control of the chromatic defect on land and 
sea in Europe has come undoubtedly from Professor 
Holmgren having introduced a test for color-blind- 
ness, so simple, so perfect, and so applicable to the 
desired purpose, as to render its use imperative, 
and its success a matter of necessity. My readers, 
I think, will understand the subject better from 
hearing what he has to say, as they have already 
seen from my numerous quotations from him. As 
professor of physiology, and from an extended ac- 
quaintance with the color-blind and great experi- 
ence in testing for the defect, just what he has to 
say in his recent work as to methods is here iflost 
valuable. And I introduce it all the more wil- 
lingly, as my own personal experience as well as 
that of many others entirely convinces me of his 
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correctness, shrewdness, and practical knowledge. 
He say a, — 

" It has been shown that color-blindness, different; as it is 
from the normal color-senae, cannot so readily be detected as 
might be supposed. We must, in fact, regard it as one of 
the peculiaritiea of the defect, reanlting from conditions 
alreadj discussed, that it so often escapes detection. 

" As the true nature of color-blindness became known, and 
the peculiarities of the persons so afflicted recognized, Ta- 
rioQS methods were devised for its diagnosis. There are 
already several which vary either in the principle on which 
thpy are based, or in the application of that principle 
These are two important points, and any error affecting 
eitliei of them must necessarily lead to a false deduction. 
Moreover, if a method fulfils both of these calls upon it, 
yet it must also have still other qualities, such as we may 
fairly require of any practical means of eisaminatioa which 
is to assist us to our desired end. It most, namely, be 
reliable, and of quick and ready application. 

"The great majority of people are inclined to believe 
tliat the best method of testing the railroad personnel for 
color- bhndiieaa would be the uae of the signals employed, — 
namely, the lanterns and flags, — as being the most direct, 
easiest, and suitable. This, to every practical man who has 
made no special study of color-blindness, is so obvious as to 
be a recognized fact. Any control which we are here con- 
oemed with has only the aim of preventing the mistaking 
the signals by the responsible persannel. What more simple, 
is asked with seeming right, than to be aasuied that the 
railroad employ& can distinguish the signals 1 \Vliat other 
method can qui cki'r bring us to our desired end? and how 
can we reach it more readily, since these signals are ia use 
on all railroads? At first sight it would seem as if there 
was no answer to this, and that we must regard any control 
aa sufficient which proved that all the penonnel could dis- 
tinguiah the colors of the signals. But there is another 
coiidition necessary. Tlie examination must not only prove 
that tlie men are able to distinguish one, two, or any definite 
number of lanterns and flags, so or so often, but that they 
can distinguish all flags and all lanterns under every oondi- 
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tion ; in a word, that their oolor-aense is aa norraal as m 
have a, right to demand. We do uot deny that any one 
thoroughly lamtliar with color-blindneaa and its practical de- 
tection may BUccesBfully use this method with the lanterns; 
but it ia tedious, inconvement, and of itself gives no certain 
result. Paradoxical as this may sound, we shall have to con- 
fesB that such a method is inadmissible, from many well- 
grounded reasons. It is therefore our duty to substantiate 
this objection, especially as this method seemingly answers 
its purpose, whilst in reality it quite defeats it. 

"The railroad signal-colors ordered are red and green, 
without special nuances of the colors being designated. This 
latter, fortunately, is not insisted on, as the railroad managers 
could not comply with it, since the colors vary in shade, oi 
nuance, from many causes. It will be conceded that the per- 
sonnel must be able to distinguish, not only the most a 
monly used shades, but they also should be able to clearly 
see red and green colors in general. This is not difficult for 
the normal-eyed, but simply impossible for the color-blind. 
It may be proved by testing the color-blind with aelectid 
laateniB ; but even then the method will be found very ii 
convenient. The color-blind, as has been shown, acquire 
from practice a peculiar capacity for distinguishing colored 
signals. How and what this is has been explained, and that 
their seeing the colored signals is based only on conjec- 
ture. Testing, therefore, with lanterns becomes but a hazard 
between the examiner and examined, where the latter may 
readily often win, and where the former bears all the loss if 
the examined afterwards fails but once. Of course the ex- 
aminer is sure to win if the play is continued long enough ; 
for, if we know beforehand the examined is color-blind, we 
can, sooner or later, cause him to make a mistake as to the 
color of the lanterns. But if we do not know that he is 
color-blind, and are testing him to decide this, then we shall 
soon find how unadapted this method is, and how unpractical. 
Naturally much depends upon just how it is employed. For 
instance, let us suppose that the usual colored lights are 
shown to the examined, one after the other, and he ia osT 
their color or meaning, whilst from his answer his color-se 
is to be decided on. Now, aa we have already shown, the 
etdor-bUnd may decide rightly; but we need hardly add that 
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the normal-eyed may fail from carelessness, inattention, or 
even from lapsus lingvm. Hence a. color-blind is passed as 
normal, and the reverse : so in this form the method is not 
practical. To attain certainty the test must be continued, 
and repeated till the examined's color-sense admits of no 
doubt. Bnt how often must we repeat in order to be sure? 
How often must mistakes be made to prove color-blind ness? 
or how often may they be made, and the defect still be con- 
eidered not present ? It is of course impossible to decide 
these questions. Certainty natorally increases with tho 
number of trials : but the method is still untmatworthy ; and 
it is depending too much on the knowledge and experienoa 
of the examiner in reference to color-blindness to expect a 
decision from him based on such tests. This method of test- 
ing with railroad-lanterns takes, of course, even if supposed 
Bure, a great deal of time, and therefore is inconvenient and 
unpractical in the examination of hundreds of persons at 
once. The method is also inconvenient as, from the princi- 
ple it involves, — namely, the detecting the color-sense of the 
personnel by the objects their duty requires them to recog- 
nize, — the test mustbemadeon the railroad itself. Aprac- 
tical method of testing, however, should be one capable of 
being used in any place. 

"We have therefore concluded that testing for color- 
blindness by railroad-lanterns is for many reasons impracti- 
cable, and to be discarded. It is worse with the flags : 
attempting to use them would cause the examining surgeon 
to overlook the majority of color-blind employifs. After 
what has been said, it is not necessary to discuss 'Qiis fur- 
ther. We admit, of course, that the method will succeed 
better in testing those about to enter the service, and as yet 
unfamiliar with the signals : but, if such an examination re- 
sulted unfavorably, there would be no just ground to refuse 
tlie applicant if it is believed that color-blindness is curable; 
and we do not clearly recognize the distmction between cor- 
rectly seeing the colors and correctly naming them. Wo can 
give no better advice to those who are not convinced of the 
truthfulness of this, than to try it themselves. They will 
■oott find, that, for testing a person for the first time, lan- 
terns and flags are useless. 

'We grant, on the other hand, that testing with colored 
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lights is quite practicable when we want to e 
ploydi already found somewhat deficient, and desire to 
■ decide whether the; can remtun in service or not. In this 
case it is much better, instead of the usual colored lad' 
terns, to have a large number of colored glasses which 
can he placed before the light, or lanterns of varying Ehadca 
of color. Then any one who will work methodically will 
convince himself and others that the views we have ex- 
pressed and defended as to oolor-blindness are correct; and, 
as to less faulty chromatic sense, its true effect in recogni- 
tion of the signals will be duly appreciated. For instance, 
persons with feeble color-eeuse, to distinguish small colored 
surfaces, must come much nearer to them than the noinol- 
eyed ; whilst those who are completely color-blind cannot 
tell the ordinary lights with certainty, even when close to 
them. Many color-blind are even unable to say there is a 
light, when very feeble, behind a dark-red glass. A very 
definite result is obtained by letting two color-blind signal 
each other with lanterns I have had specially constmcted. 
They then make the most marked mistakes. This is a very 
good plan to convince a sceptical railroad official, as well u 
the color-blind themselves. From the resul t of oai investi- 
gations, we deduce the following as applicable to every test 
of color-blindness : the examination is not to ascertain the 
relation of color-sense to certain signals, whatever these 
latter may be, but to decide plainly and surely whether a 
given person is color-blind or not, or whether the color-sense 
is deficient or normal. 

" The test is to find out the character of the color-blind- 
ness, not by ascertaining all its peculiarities, but simply one 
or more, which quite serves our purpose. This is all needed, 
and only exceptional cases require further examination. 
Kow, there are a number of methods which combine more or 
less the essential characters we need in a practical test. 
Without discussing them all, we will here notice only a few 
points which will enable us to apply some rules to govern 
our decision as to which means of examination to employ. 
There is hardly any which could not be used, and, if we 
could carry it out with the necessary knowledge, would not 
serve our purpose as a method of control, at least when 
repeated trials could be made. On the other hand, thei« 
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ft are methods vrhich, used alone, would never, or but seldom, 
f give us positive results, or which are so tedious and incon- 
venient OB tA be quite unpractical. To this ckss must be 
referred all those which, like the test with the lanterns, let 
the examined look at various colors or colored objects, and 
then demand of them their names, 

" This decision is based on what we have already ex- 
pressed, and also upon our own esperieuce in reference to 
the way and manner in which the eolor-hlind learn the 
names of colors, and the success practice gives them. But 
we do not want to learn tlie degree of still a person can at- 
buB in naming colors, bnt how he sees them; in other words, 
the character of hia color-blind nesa. The great difference 
between these two powers cannot be too well recognized, and 
on this ground alone we must again recur to the subject.' 
Just how a color-blind aees a color it is not possible to 
decide ; for it ia a subjective aensation. On the other hand, 
we may form an opinion as to the character of liis color-sense 
by the confusion or the mistakes which he makes in putting 
colors together, which, to the normal-eyed, are essentially 
different. Hence any method, to answer all demands npon 
it, must be based upon the cnmparison between different col- 
ors, and the confusion the color-blind make in this compari- 
son. An example will render our idea more clear, and show 
the importance of it. Suppose, for instance, we have a green- 
■blind. Now, experience shows that such a one confuses 
the shades of three colors, which are very different to the 
normal eye ; namely, purplish red, green, and gray : or he 
regards them as exactly similar. Theory shows the reason 
of this very clearly. The green-blind has not the receptive 
* percipient organ of green. Purple, green, and gray pass 
firith the green-blind for really one and the same color, 
I which, however, from what he hears, receives under different 
I circumstances the separate names. The cousequeoce is, that 
I. lie also calls this color sometimes by oue and sometimes by 
\ the other name, or always calls it by one and the Fame 
— often by the name he first attached to it, or uost 
I often hears. If we test such a person by letting him name 
, then, in accordance with the theory, the charaoter- 
■ latic signs of green-blindness must in turn, and after many 
p.trials, show themselves. IVilhnut guidance from the theory 
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it ia difficult to obtain anj clear and correct conception of 
tiie color-sense of a green-blind. If he uses all the three 
namea, he will often be right, and aa often wrong. In tbe 
first case he nill readily be thought cormal-ejed, and in tin 
second ^That Goethe eaid will certainly occur, — ' one gets into 
the greatest perplexity, and fairly dreads becoming cra^.' 
If the green-blind carefully uses hut one of the names, it 
will be one of the three, 'purple' (falsely called 'red'), 
'green,' or 'gray,' which he applies to all. Suppose now he 
uses the name 'green:' then, according to a metliod depend- 
ing on the naEaing of colore, we should conclude that he sees 
purple and gray badly, but green distinctly. His color-aeoM 
will of course be regarded as abnormal; but no one would 
suppose he was green-blind, since he seems to see that colcr 
perfectly. Yet this green-blind will be regarded as snch if 
he used the terra 'red' (purple) or 'gray.' We trust this 
example will remove all doubts as to which of the two poinls 
of view is the correct one. Without further defending it, we 
hold the fact proved, that any practical method of examina- 
tion must be based on the principle of comparison." 

From what Professor Holmgren has laid down, 
we can readily understand why certain methods 
are not practical as well as not scientific. These 
methods we must therefore briefly criticise before 
explaining his. Let us first remember what has 
been said as to any method which calls upon the 
examined to name colors shown them, — to those 
unacquainted with color-blindness, apparently, the 
simplest and most suggestive. To all such meth- 
ods we may apply Professor Helmholtz's eriticism; 
" As to the examination of the eolor-hlmd, simply 
asking them to name this or that color will natu- 
rally elicit but very little." 

Several ways of employing " simultaneous con- 
trast " have been proposed and carried out. Dr. 
Stilling of Casael used colored shadows. If we 
hold before a lamp a piece of colored glass, and 
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allow the light thtis colored to fall upon a white 
screen, this will tlien appear colored. Now, hold- 
ing a pencil, for instance, before the screen, we 
shall have a "shadow cast on the colored surface. 
This shadow will, to the normal eye, appear of 
the complementary color of the gli^s before the 
lamp ; whilst to the color-blind the shadow will 
appear colorless or black or gray. On this prin- 
ciple is constructed Dr. Cohn's ehromasciopticon, 
as also the chromatoscope made by Waldstein. 
Such tests are not as practical even as they soimd, 
though Stilling showed how we could get the 
colored shadows by daylight. I would refer to 
Dr. von Reuss's article in support of my state- 
ments. Holmgren's more practical use of the 
shadows I describe below. 

Another method of using simultaneous contrast 
is based on the experiment of Ragona Seina, and 
carried out by Cohn and by Pflliger. If we bend 
a piece of white cardboard to a right angle, and 
then fasten to the adjacent surfaces a little piece 
of black cloth, we can hold a, plate of colored glass, 
with one edge resting in the angle of the paper, 
about dividing the right angle made by the card- 
board : now, looking down from above througii 
the glass, we see the horizontally placed piece of 
black cloth of the color of the glass ; but we shall 
also see the reflection of the vertically placed piece 
of cloth, and this will appear of the complement- 
ary color of the glass. These do not, of course, 
I flO appear to the color-blind. 

A test, based on K, Meyer's law of simnltanenus 
I -contrast, has been proposed by Weber anil Pflii- 
' ger. This is well given in the English translation 
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of " Bezold'fl Theory of Color," by Mr. Klthler. 
Black letters printed on colored paper, when cov- 
ered with thin tissue paper, show through this of 
the conipleraeDtary color. A gray stripe on a 
colored ground, when gazed at, takes the comple- 
mentary color of the ground. 

Any other methods of producing simultaneous 
contrast may of course be employed ; but they are 
useless, as requiring of the examined color-namea. 

Successive contrast, or complementary after- 
images, has been suggested by Schirmer and by 
Cohn. If we look steadily a few seconds at a col- 
ored surface on a gray gtound, and then quickly 
remove the colored surface, the ground will appear 
of the complementary color. We here again must 
depend on what the examined say they see. 

A method of testing for color-blindness will at 
once suggest; itself in the use of the spectroscope. 
Hirschberg has recently arranged one in which we 
have two spectra, one over the other, but in re- 
versed order. Movable slits allow ua to . choose 
two colors, which appear just alike. Tlie mistakes 
of the color-blind in doing this show their defect 
Stilling proposed the use of the spectra of certain 
metals, — natrium, lithium, thallium, &c. ; and in- 
teresting results have been thus obtained. 

Rose's color-measurer should be here also men- 
tioned, and Brucke's schistoscope, — only usefid, 
however, for scientific examinations. 

A method of testing has been proposed by For- 

ster's perimeter. This- is used by ophthalmic 

surgeons in determining loss of chromatic sense 

over certain portions of the retina. Small spots 

^^E color are brought up from the circumference 
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towards the centre of the field of vision, and we 
can thus map out the chromatic visual field. 

In 1871 Professor Holmgren directed attention 
to what he called the quantitative disturbances of 
the color-sense, or incomplete color-blindness. 
Professor Bonders of Utrecht, in 1875, carried out 
this idea in a method of testing which gave us, not 
only the fact that the examined was color-blind, 
but also in what degree. This is described in a 
subsequent chapter as used on the Holland rail- 
roads. 

Dre. Dor and Favre have modified Donders's 
method; and the former published lithographic 
plates of the colored disks, of definite sizes, on a 
black background. For this there is great diffi- 
culty in obtaining the proper printed colors, both 
as to uniformity, purity, and saturation. 

Suggestions of Professor Holmgxen have been 
carried out by Dr. Stilling in a method of testing 
for color-blindness which has the advantage of not 
calling upon the examined to name colors. In ac- 
cordance with the now well-known laws of color- 
blindness, letters are printed in colors on a colored 
ground : these the color-blind fail to see, as there is ' 
no contrast to them between the letters and the 
ground color. Dr. Stilling has, in liis more recent 
editions of this test, very ingeniously overcome, in 
a great degree, certain difficulties ; but there are 
I other practical ones which cannot be overcome. 
■ There is no comparison between it and the scien- 
tific simplicity of Holmgren's. It may be used as 
an additional method by those thoroughly acquaints 
ed with color-blindness theoretically, and practised 
in testing for it. Experience has proved this to 
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those who have attempted to use StilliDg'e cards 
in testing large numbers, and uneducated people- 
Mr. J. Clerk Maxwell, in 1855, proposed a iDeth- 
od of judging of the chromatic dense by colored 
disks revolving on a top. They were so arrangeJ 
that the various colors could be combined in any 
proportion. We can thus let a person compare 
colors, and prove their chromatic defect by tlieir 
variation from the normal-eyed. Landult proposed 
a modification for the quantitative determination of 
color-bliudness. In 1870 Dr. Woinow proposed the 
use of a revolving disk, the inner circle of whicli 
was one-half each of black and white, giving us 
gray when revolving. Three rings outside of this 
were composed of equal piuts of two of the three 
primary colors, — red, green, violet. To a person 
blind to the color not represented in one of the 
rings, this ring will appear gray for reasons I have 
previously given. Later he modified his disk, as 
he accepted four primary colors. The inner ring 
is now to be red and violet (or blue) ; the outer, 
green and violet (or blue) ; the third is left out 
If the outer appears gray, lite the centre, then we 
have green-blindness ; if the inner, then red-blind- 
ness ; if both, then red-green-blindness. 

More than forty years ago Professor Seebeck 
of Germany described his testing a number of 
color-blind by methods of comparison of colors. 
He used some two hundred pieces of colored 
paper, and allowed the examined to sort these, 
putting together what looked to them alike. This 
was the first time a true method was used ; and 
he obtained very valuable results, having shown 
that there were different kinds of color-blindness, 
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aod different degrees of each kind, — a most im- 
portant fact, as I have previously described. 

In 1855 Professor Wilson of Edinburgh pub- 
lished the first monograph in book-form on color- 
blindness. In testing various individuals he used 
httle bundles of colored worsteds, letting them 
sort them out, and put together those seeming 
alike. The principle was the same as Seebeck's, 
and a true one of comparison, the examined not 
being obliged to name any colors. He says, — 

" Candidates for appointments where good eyesight is 
required are not likely to exaggerate their defects of vision. 
Whenever, therefore, any hesitation in distinguishing colors 
is majiifested, it should be further tried by giving the 
party under examination parcels of differently colored cloth, 
paper, glass, and the like, and requesting him to assort 
them according to their colors. Reds, greens, browns, and 
lilacs should form an essential part of these parcels, but not 
to the exclusion of other tints and shades. No person 
markedly color-blind will, 1 om persuaded, escape detection 
if tried in this way ; and the kind and number of mistakes 
which he commits will measure the extent of his color- 
blindness. The mode of examination thus explained ia 
within the reach of railway superintendents and shipmasters, 
and will serve every practical end. Bnt where railway 
servants, sailois, soldiers, or others, undergo preliminary 
examination by a surgeon, a more minute examination 
might be made, and in another way." 

He refers to the colored disks, spun on a top, of 
Maxwell. I quote from Professor Wilson to show, 
first, that, though he used comparison tests, yet 
he did not seemingly recognize that such alone 
were of value, as proved by what he suggests. 
Had the Young-Helmholtz theory of color-percep- 
tion been then as thoroughly disseminated as now, 
he would no doubt have appreciated its value in 
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erplaining color-blindness. 
tOl 1875 by Professor IIoli 
was unaware of Wilson's n 

Tlie Young-Helmholtz i 
tion suggested to Profcsso 
of sorting worsteds ia a ct 
the applicatioQ of this theoi 
color-blind. Tliia method o 
of using it, I shall give in « 
words, and therefore will he 
other tests which have bees 

Dr. Daae of ICragero, N< 
squares of worsted worked 
Some rows are correct; ni 
the darker to lighter of the 
are arranged of the colors the 
confound ; aad they will sa 
these rows are correct. Tl 
venient, not larger than an 
the colors arranged to detect 
blindness. 

Dr. Cohn of Breslau propoi 
letters on a ground such as thi 
is usually confounded with 
These are very deceptive to i 
they wonder at the nonnal-e; 
there are letters on the worstec 
deception is only perfect, and 
when the color of the letters ai 
are just suited to the especial k 
Golor-hhudness of the examine 
modification of Holmgren's has 
is not very practical. 

Dr. Magnus of Breslau has 
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modification of Holmgren's test by letting the ex- 
amined pick out from bundles of colored worsteds 
those which match the colors of the solar spec- 
trum shown them at the same time. This can be 
used as an additional method by examiners, but is 
not, of course, as eonvenient and practical as 
Holmgren's simple plan. 

Professor Donders has recently also proposed 
and used an arrangement of worsteds. On a little 
disk of wood one of the colors is wound ; and the 
other, which the color-blind cannot distinguish 
&om the first, is so wound over it as to form 
rays or a star. A large number of these pairs 
are chosen, guided by the selection various color- 
blind make with Holmgren's test; that is, the 
two worsteds on the disk are such as the color- 
blind say look to them quite alike. A color-blind 
is therefore detected in not being able to select 
those which to the normal-eye present contrasting 
colors. 

I have thus given Holmgren's discussion of the 
principles of a correct, scientific, and sure test for 
the detection of color-blindness, and briefly ex- 
plained what tests have been proposed, because 
the whole subject is new to us in the United 
States, and the future control of color-blindness, 
and assured safety from its dangers thereby ac- 
quired, 60 greatly depend upon the employment 
of an absolutely certain method, thoroughly and 
Quderstandingly, by competent examiners. 




COLOB-BUN 



< 




HOLMGREN 8 METHOD OF 
TION ASTD DI. 

Justice to Professor Hoi 
should here explain what hi 
tx) these various forms or ■ 
color-blindness, and the stu 
has been over the whole sul 
observers I have mentione 
their names to this or thai 
His method of examination 
to be given in liis own wore 
therefore to be considered 
ment of his special studies. 

March 31, 1871, he pu 
" Color-Blindness and the Yo 
of Color." ' He there disc 
the methods heretofore used 
ness. He also gave the ex 
metric examinations afterwa: 
By experiments with Maxw 
found the true difference b£ 
Om Firgblindhet och den You 



ITS DANGEES AND ITS DETECTION. 197 

blindness, explaioing seven cases of complete color- 
blindness, — five red and two green. He seems 
to have first shown that green-blindness, as a dis- 
tinct form, in conformity with Young's hypothesis, 
did exist, and proved it by exact experiments. In 
this, time has shown him to be correct, 

Nov. 3, 1871, he published "On Forster's Perime- 
ter and the Topography of the Color-Sense." ' This 
contains a description of the perimetric examina- 
tions and the results thereby obtained, especially 
the three separate zones of the field of vision of 
Woinow, in relation to color-perception. 

He used the point of fixation as the centre — the 
physiological centre — in contradistinction to the 
blind spot, — the pathological centre as he terms it. 
He here describes a series of perimetric examina- 
tions of the color-blind, beginning with the normal 
color-sense, and following up to complete color- 
blindness. He also first gives here a description 
of what he called incomplete or partial color-blind- 
ness. This is important to notice, as Stilling 
attributes wholly to Donders our knowledge and 
tinderstanding of this form of chromatic defect; 
whereas Holmgren had very clearly defined it as 
a quantitative disturbance of the color-sense. 

Incomplete or partial color-blindness, — espe- 
cially incomplete red-blindness, — he shows, ia 
characterized by two principal points: I^irst, in 
indirect vision with the perimetric examination, 
the field of vision differs from that of the complete 
color-blind by having a normal central field ; but 
it is unlike the normal color-sense in having a 
much smaller central field, thus in both ways 

I Om ForstoTB Perltoeter och Migalnnols Topographi, 
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being only a quantitative 
direct vision at the point 
blindness differs from coi 
illumination, sufficiently la 
at short distances and ^ 
correctly distinguished in 
eyed. It is different fror 
in that the discernment of 
resembles the complete red 
poor, the distance considers 
or when indirect vision is 
Now, these points have bee 
out and formulated by Pi 
then ; but they were under 
principle by Holmgren as ej 

From his perimetric exan 
that the three color-percepti 
the centre outwards diflfere 
they all three occupy the c 
the middle zone only green 
elements exist, and in the ( 
the latter two. This he th( 
as most peripheric ; but sul 
proved it to be the violet. 

He also in this article ex 
the property of a specific i 
any degree is inseparable fr( 
sensation for red. This a 
basis of Hering's theory. 

Oct. 31, 1873, he publis: 
Color-Blindness." ' This is 
previous work giving his 
criticises Pick's theory, and 

1 Om Fargblindhetens Tl 
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the facts so far established with Young's theory 
of color. The tlifference between Fick's views 
and Holmgren's is, that the former refers the ma- 
terial process of color-perceptiou to the peripheric 
retinal elements, whilst the latter would equally 
divide it between these elements and the central 
apparatus in the brain. He also criticises R. Schir- 
mer's article on congenital and acquired anomalies 
of coloi'-perception, in which Schirmer gives a 
series of pigment colora which have eccentric fields 
of vision of varying size. He holds, that, in ex- 
amining the central as well as the eccentric field 
of vision, the proper selection of the grades of 
color has been neglected. He gives, therefore, an 
idea of those wliich are equivalent ; that is, pig- 
ments which, ceteris paribus, correspond to the 
same visual fields, and are recognized at the same 
distance from the point of fixation. 

Holmgren also gives some cases of complete 
green-blindness, the characteristics of which are 
especially 5ho\vii in this article. There are, be- 
sides, some improved methods of carrying out the 
perimetric examinations described. 

In 1874 Professor Holmgren published an article 
"On the Theory and Diagnosis of Color-Blind- 
ness." ' This contains the theoretical and practi- 
cal groundwork for his method of detecting colo> 
blindness, since published and given here in full. 
He develops it theoretically from the Young- 
Helmholtz theory, and practically from Seebeck's 
method. He published a plate with colored let- 
ters, in this article, on the same principle. He also 
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then warned against the nc 
took the same position w 
reference to all such arra 
and in defence against imi 
colored letters clearly 8ho\ 
which so much invention ha 

He also further discusse 
color-sense of the color-blinc 
for rendering the color-pen 
eyed like that of the col 
would see colors like the la 
plished with colored glasses 
as has since been done by D< 
a previous chapter. 

Returning to the two 
namely, red-blindness and 
gives further proof of the e 
as a distinct and indepenc 
three additional cases of com 

Finally, he treats the qi 
visual field of the color-blin 
have as many distinct visu 
colors. He gives in two plai 
visual fields of the color-blinc 

The method of testing as 
investigations I will now j 
given by him. The descripl 
cessarily extended, and, to 
quite uninteresting. It is, he 
of those who are in the fu 
ploy^s in this country. Ex] 
for color-blindness will proA/ 
necessity for its seeming mir 
Its study and directions has 
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eonfosion and waste of time on the European 
roads, the proof of which will be hereafter given. 



" 1. —A ShoH Sketch of the Geneml Principles of the Method. 

" Theoretically our method most rcBerables those of See- 
beck and niaxwell, as it ia based upon a comparison between 
diSereut colors. It therefore first seeks to discover the 
chromatic perteption of the subject, disregarding the names 
be gives to the colors, as generally it is not necessary he 
should designate the names. Our method resembles See- 
beck's most in this, that it does not require a special appa- 
ratus for prepariug the necessary tints for the examination; 
it assumes there will be a supply of objects of diSerent 
colors provided in advance. It agrees agctiu with this 
niettiod in not allowing, as Maxwell's does, the person ex- 
amined to remain passive, and simjily give his opinon of the 
resemblance or dissimilarity of the shades indicated, but re- 
quires him to discriminate and select the shades, and in 
consequence reveal by an act the nature of his chromatic 

" But praotioaliy our method differs essentially from See- 
beck's. His certainly gives, in a certain sense, mora com- 
plete results than ours, by requiring the subject to thor- 
oughly classify, in acconlance with their reciprocal resem- 
blances and dissimilarites, the various diRerently colored 
objects placed hetoro him. A complete table of his whole 
system of colors is the result of this. Our method, on the 
contrary, requires the person examined to select, amongst a 
large number of variously-uolored objects, those alone which 
resemble tlie sample shown him by the examiner. The 
diffitrence is evident. Seebeok's method is, without any 
doubt, preferable when the nature of the color-blindness in 
the aggregate is to be considered ; that is, so long as this is 
yet unknown. His method then gives a more complete idea 
than ours of the nature of the color-blindness- But, for our 
vctual purpose, the main question is to discover a defect, 
with the entire nature of which we arc acquainted in «d- 
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vancc. Our practical mission, tl 
if ]>oftsible, some certain sign whi 
plish this end by the shortest poi 

'* If a single proof which woi 
certainly as if he revealed to us 
wore discovered, this would undo 
forred to any other, as it would a< 
more quickly and easily. This is 
We are far from denying, in gen 
ough examination ; but we will sa, 
superfluous. Its practical advant 
if at the cost of a great loss of 
prejudicial, if, under a multitude < 
is essential, — in a word, prevents 
account of the trees.' All this mt 
method, when the object in view i 
in pursuit. Our method again en( 
as possible one or two essential cha 
ing all the others. A single cauda 
reveals whence it came; a single 
whence it was plucked ; and the g< 
we can but see a face. It is only 
lated, the flowers, fruits, and caud 
that in certain cases it is necessary 
characteristics. 

" Our method rests upon these 
the same security as Seebeck's. 
necessary to accomplish the exami 
same relation to that of the leame 
does to an hour. This may seen 
the first glance, but is in reality 
portance when a multitude of pen 
examined. A simple calculation 
examination requiring one day t 
quire two months by Seebeck's. 

"It is but just to acknowledge tl 
ing the results obtained by Seebec 
the Young-Helmholtz theory, as 
have indicated as indispensable to 
we have succeeded in formulating 
j^e shall explain it in what follow 
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thnt it is very simple, and easily maatered ; but we think 
this IB likewise often tlie caae with all that is useful and 
practical, aud that simplicity ofiera great advantages. We 
prefer this method because it seema to ua more than any 
other to fulfil the conditions we have pointed out as neces- 
gary to a practical metliod ; namely, certainty, rapidity, and 
couvenience. The only incourenience of any moment, be- 
aides those it haa hi common with a greater part of the 
others, is. that it requires daylight. It tan undoubtedly be 
used by artificial light (electrical and calcium lights, and 
certain smmgemeats of larap-lights with blue gloaa); but 
tbia causes much loss of time. 

" After this rapid aketch of the general principles of the 
method, we will proceed to give its details, and shall not 
fail to mention generally the reasons why, amongst several 
possibilities, we have selected this or that process, 

" 2. — The Material and iis Arrangemenl, 

" Our method demands neither costly apparatus nor a 
special place for the eiamination. The only necessary 
elements are a number of variously colored objects. It con- 
sists in tailing one from a number of objects promiscuously 
thrown together, and asking the person examined to select 
from .amongst them all the others corresponding with the 
first in color. Witli regard to the colored objects, it of 
course matters little in principle what their nature is, as, in 
the main, the method never changes, no matter what the 
kind selected. But, practically, the choice is by no means 
a matter of indifference. Among the ordinary objecta sug- 
geated, and also used for the purpose, are pieces of colored 
paper, glass, or silk, or Berlin worsted, &c., the last of which 
leems to us the best, for the following reasons ; One of the 
(Jiief advontagea of Berlin worsted is, that it can be pro- 
curc<l ill nil possible colors corresponding to thoae of the 
spectrum, and each in all its shadea from the darkest to the 
lightest Such selections may be found in trade, and are 
easily procured wlu-n and where desired. It can be used at 
onve, and without any preparation for the examination, just 
OS delivered from the factory. A skein of Berlin worsted 
it equally colored, not only on one oi two side% bat on aU, 
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and 18 easily detected in a lai| 
but one thread of it. Berlin 
glaring, and is, moreover, soft a 
handled, packed, and transports 
age, and is conveniently ready ft 

^' These advantages are want) 
jects suggested for use. Colore 
when light or dark, dull or brig 
they both have these inconveniei 
into suitable pieces, and they i 
Moreover, they are easily concc 
necessary to stretch them caref 
enable them to be seen withou 
glaring. They reflect, besides the 
a quantity of white light, which 
misleads the color-blind, who, as 
by the intensity of light, — that is, 
he consequently estimates differei 
surface, according to the position 
regard to the eye, &c. The pape: 
one side, and this gives rise to m 
sary to turn the pieces from on 
them in their true colors. Fina 
handled, the pieces of paper or i 
and faded. 

" Colored glass, which must be 
from the fact that it is difficult 1 
great variety. It is, besides, troub 
broken, and finally inconvenient f 
ry to be held against the light of 
in order that the color may be 
being able to use them by any kic 
terbalance their inconveniences. 

" Although these are not all 
ing will suffice to prove the advj 
All this applies equally well to 
solutions, spools of colored thread 
celain, especially painted for the p 
be, and have been, employed ; but 
in every respect, so well suited 
worsted. 
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"A selection of Berlin worsted is then made, including 
red, orsnge, yellow, yellow green, pure green, blue green, 
blue, violet, purple, pink, brown, gray, several sliaJes of 
each color, and at least Sve gradations of each tint, from the 
deepest to the lightest. Green and gray, several kinds each 
of pink, blue, and violet, and the pale-gray shades of brown, 
yellow, red, and pink, must especially be well represented. 

" The choice of the material does not belong specially to 
onr method. In fact, Seebeck suggested the use of Berlin 
worsted, which was employed by his advice, and still is at 
present. To us only belongs the credit of originating the 
manner in which it is employed. According to our method, 
the examiner selects from the collection of Berlin worsted 
in a pile on a convenient table, and lays aside a skein of the 
especial color desired for this examination ; then he re<juires 
the one examined to select the other skeins most closely 
resembling the color of the sample, and to place them by its 
aide. The chromatic sende of the individual is decided by 
the manner in which he performs this task. 

" The result of comparison which the examined makes — 
in other words, the little skein of worsted which he selects 
and places by the test — shows us in reality what colors seem 
klike to him, and thus tells us bis relative color-perception. 
The rapidity with which this examination is made does not 
seem to directly correspond with the nature of the cbromatio 
sense, but to depend wholly upon the character of the person 
examined. One of intelligence, with a quick, practical mind, 
is examined in le^ss than a minute. In this time, in fact, a 
normal eye could easily find the four or five skeins of the 
same color as the sample, and the color-blind make a suffi- 
cient nnmber of characteristic mistakes to thoroughly estab- 
tisli the diagnosis. 

" It might be supposed that this method could be further 
simplified, and time thereby saved, by previously gronping 
tlie Bolored objects, or, in other words, showing to the exam- 
ined a number of colored objects arranged in certain system, 
and asking of him which look nliko, and theirnomes. Here 
the worsteds would have no special advantage over other 
colored material, and could be replaced by objects with 
bright surfaces not necessarily movable. On such a pro- 
1 table the various colors may be placed without > 
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order, or in a definite order in 
larity. Thus they may be groi 
perception of the normal-eyed o 
latter case, in different groups o 
forms of color-blindness. 

" The grouping of colors whicl 
ciple, and it is printed in the * 
1874, and carried out in the 
book. The plan is a good one 
educated and intelligent people, 
be thereby detected. To be at 
practical, this method must hay« 
shades. Experience shows that \ 
certain as to the similarity betv 
less upon the color than on what 
tant distinguishing mark ; namel; 
or the degree of saturation. An 
two colors whose similarity he woi 
that the test may be just too mu( 
add that all color-blind of the sane 
as to intensity of light or degree oj 
it is impossible, on plates which i 
ly the necessary colors, whilst th 
number of colors. The difficult 
for us to abandon this method, 
the supposed gain in time is mor( 
lack of conveniences and other 
loss is greater than the gain. 

'* These remarks hold good, nc 
form of test proposed by me in II 
tables which have so far been ' 
worked worsteds of Dr. Daae, an< 
Dr. Stilling to construct colon 
neither have succeeded in solvin 
careful and ingenious attempts h 
some of those I have spoken o: 
very nature of the subject, can or 
ment as an additional test, but i 
masses wholly unserviceable, 
proved this to me, and will the s 
new editions, unfortunately, are ] 
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"6j snch a colored plate, or any Bimilur arrangemeul 
of imraovable colored objects, the Tory work is dona which 
Bhould have been by the examined ; namely, the grouping 
of colors seemingly alike. If, however, this is not done, 
and the colors are mixed up, then we cannot let them he 
grouped iii accordance with their similarity. The value of 
this method ia, that the objects are movable, and can be 
mixed and sorted anew. 

" Careful consideration will show the importance of this 
fact. The object of the test is lo ascertain a subjective sen- 
sation from an objective expression. Now, man has but one 
means of expressing his subjective sensation to another ; 
namely, by muscular action. The organs of speech and the 
limbs are the apparatus of motion best answering this pur- 
pose, and most used for it. Of the most movable, the 
tongue and hand each is the representative of its group; and 
they are the most pliable of all organs. Both equally indi- 
cate the differeut actions by which we impart our thoughts 
to others; namely, by words and acta. It is scarcely neces- 
aary to indicate, that, as a rule, it is the latter (the hands) 
which we rightly have greater confidence in than the spoken 
word. This ia substantiated in testing the color-blind. We 
have seen how readily they are detected when forced to act, 
whilst we must equally remember that the names they give 
colors are often exactly adapted to conceal tlieir defect. If 
it is in his interest, as here is the caae, not to expose his 
defective perception, but rather to conceal it, he certainly 
can do this better by speech than by the hands. This is a 
general law applicable here, if the relations between the per- 
ception and denomination of au object are recalled as wo 
have explained them, and the way these two acts are com- 
bined in education. On the other hand, it is clear that our 
method affords the opportunity, in connection with the inves- 
tigation of the chromatic sense, of learning much of all the 
peculiarities relating U> the use of our senses. This ia why 
we maint&in the principle that it ia necessary to leave to the 
activity of the hands tlio task of raveaiing the nature of the 
sensations, and to hove recourse to the tongue only for veri- 
fication when there is need of more informnUon. 

'■The combination of the action of the eye and huuds, 
which playa in general so important a part in the b 
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and use of the senses, is also o 
examination. An attentive exai 
already acquired some experienc 
elusions from the manner in wl 
task, not only and directly with r 
chromatic sense, but generally ; 
character, and especially in son 
training and exercise in the use 
recognizing them. The examin 
opportunity of making psycholo 
contribute, in a great measure, ii 
the nature of the chromatic sense. 

" A practised surgeon can often 
the first gesture of the examine< 
before the end of the trial. He c. 
ner in which the task is performe 
feeble chromatic sense in instance! 
by the final result. He also can i 
result is erroneous simply on accoi] 
or a want of intelligence, just as 
really color-blind succeeds, in a ce 
previous exercise or a considerable 
short, the method supplies us with i 
so that, by an examination made wi 
tive chromatic sense, no matter o 
degree, cannot escape observation, 
examiner to watch the examined 
his every motion. Different pers 
and cause the surgeon trouble c 
People of medium intelligence, wh< 
or not, give least trouble, provide^ 
upon to be too shrewd. The exan 
with people of small intelligence, 
vated color- perception, or when 
already tested who desires to escaj: 
examined has not had good sch 
rules for these special cases are giv 

"The principle of our method < 
on the test calling for the selectioi 
many. It may be asked what n^ 
colors? Would not a smaller ans"s 
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colONblind avoids detection with more difficulty, and the 
diaguoaia hence b more readily made, the greater the num- 
ber of the various colors. The normal-eyed readily selects 
the right ones from the mass; whilst the color-blind, al- 
though the right ones are directly before him, picks out the 
wrong ones, thereby disclosing the character of his defect. 
Therefore the greater the number of colors the better, of 
course, within certain limits. 

"What color shall we take for our sample? This is of 
importance; for we must of cuurao decide on some one 
color. Experience, as well as the Youug-Helmlioltii theory, 
teaches us that more than one color may serve as the sample 
in searching for a sure and definite characteristic of defec- 
tive chromatic sensation. All colors do not, however, meet 
this equally well ; hence it ia worth while to establieh cer- 
tain rules as to a correct choice. 

" The faculty possessed by the eye of distinguishing colors, 
and that of defining the degrees of light and color (of 
"saturation") are relatively very different; bnt these spe- 
cial faculties have this in common, that they have their 
maximum activity in a certain intermediary region of abso- 
lute intensity of light, and their minimum at the two limits 
of this region. Just as we experience the most difficulty in 
distinguishing between the shades of intensity of light by 
a very feeble or very strong illumination, so it is difficult for 
ns to distjngnish colors slightly or strongly luminous, or tlie 
deepest and the lightest. It is tlierefore neceasary to select 
as a suitablo color for discovering a feeble chromatic sense 
either the lightest or darkest shades. The well-defined 
kinds and degrees of a defective chromatic sense confound 
only colors of mean intensity. But in this case, also, it is a 
(jnestioD what tones of color to choose. For my choice I 
have been guided by the Young- U el mholtz theory, and for 
the reason that I have proposed Toy method in support and 
proof of that theory. As a fact the examination of thou- 
sands of ))ersons has couvinced me of the excellence of my 
choice. I have selected, to determine whether the chromat- 
ic sense is or is not defective, a light green (dark green may 
bo also used), because green, according to the theory, is the 
whitest of the colors of the spectrum, and consequently is 
t «uily confused with gray- For the diagooBis of the 
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especial kinds of partial colore 
purple (pink) ; that is, the whol 
red (orange) and violet (blue) ai 
proportions, at least in such pr 
ciently preponderates over the 
so as to give its name to the 
reason for this choice. Purple o 
amongst colors: although a mis 
as well "saturated** as the col 
might be; from this point of 
although it is not found in the 
been regarded as the eighth coh 
the circle of saturated colors. Pi 
tance in the examination of the < 
that it forms a combination of 
the two extreme colors — which a 
each other. In fact, from a color 
of two things must happen, accorc 
it excites but one kind of percej 
them all. It appears, then, either 1 
is to say, like one of the two colors 
like white (gray.) Experiment ha 
sis. Our sample colors, therefore, 
tary colors of each other, — green a 
"In the examination of the ch 
number of individuals, it is, of coi 
cide quickly, first, whether the chi 
vidual is or is not normal. It is o 
existence of a defect that its natu 
termined. The sample-colors are 
more advantage in a certain order 
complished as a whole, according i 
has proved the surest, most rapid, i 
for the purpose. 

* * Method of Examination 

" The Berlin worsteds are placed 
surface, and in broad daylight; a 
taken from the pile, and laid asi 
others not to be confounded with tl 
the person examined requested U 
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most resembling this in color, and place them by the side of 
the aample. lu the first place it is necessary that he shoald 
thoroughly iiuderstiuid whiit is required of him ; that is, 
that he should search the pile for the fll:*aiu3 making an im- 
pression on his chromatic sense inde[)endeiit of any name ha 
may give the color, similar to that made by the sample. 
The examiner should explain that resemblance in every re- 
spect is not necessary ; that there are no two specimens 
exactly alike; that the only question is the resemblance of 
the color ; and that, consequently, he must endeavor to find 
something similar of the same shade, something lighter and 
darker of the same color, &c. If the persoa examiued can- 
sot succeed in understanding this by a verbal explanation, we 
must resort to action, We must ourselves make the trial by 
searching nitli our ovrn bands for the skeins, thereby show- 
ing in a practical manner what is meant by a shade, and then 
restoring the whole to the pile, except the sample-skein. As 
it would require much time to examine each individual in 
this way, it is advisable, when examining a large number at 
the same time, to instruct all at once, and, moreover, to ask 
them to attentively observe the examination of those j)reced- 
ing them, so as to become more familiar themselves with 
the process. By this, time is saved, without loss of security ; 
for no one with a defective chromatic sense finds the correct 
skeins in the pile the more easily from the fact of having a 
moment before seen others looking for and arranging them. 
He makes tbo same characteristic mistakes ; but the normal 
observer, on the other hand, generally accomplbhes his task 
much better and more quickly aStiRi having seen how it must 
be done, and this is the advantage of our method. 

" The colored plate is for the puqiose of assisting the ex- 
aminer in the choice of his colors, and helping him decide 
the character of the trouble from the mistakes the color- 
blind make. We have attempted to represent the colors we 
are now to speak of. They are of two classes, — 

" let. The colors /or samples (lest-colors) ; that is, those 
whioli the Burgeon presents to the persons examined ; and 

■■aU, The 'colors of cnn/usion ;' that ia to say, those wliich 
the oulor-blind selects from the heap of worsteds, because he 
oonfuses them with that of the sample. 

" The first are horixontal on the plate, and marked wife 
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Roman numerals ; the second 
colors, and marked with Arabic 

" We have already describee 
constructed with a small num 
color-blind. It is, moreover, of 
ble — to accurately give the b 
have. The test-colors, with the 
purpose; but the others not so 
have spoken of, and because al 
the same shades of the same coL 

" The colored table is not int< 
test with, though it may serve th 
is rather to simply assist the si 
correct test-colors, and help hin 
form of color-blindness. 

"As to the conformity betwe 
blind take from the heap and the o 
we must simply rely on the tone 
tensity of light or degree of satn 
we have to vary from this rule, ^ 
rather than the absolute saturat 
of our table are only to illustrate 
and this purpose they serve per 
explanation, we will pass direct 
following are the directions for c< 
our diagnosis from the results : — 

" Test I. — The green sample 
should be the palest shade (the li 
which is neither a yellow green n 
mal eye, but fairly intermediate 1 
not verging upon yellowish green 

" Rule, — The examination m 
examined has placed near the sai 
the same shade, or else, with thes 
eral skeins of the class correspou" 
fusion * (1-5), until he has suffici< 
of doing it that he can easily and 
confused colors, or until he has g 
difficulty in accomplishing this ts 

^^ Diagnosis. — He who places 
the * colors of confusion * (1-5) — 
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resembles the ' tesfrwilor ' — is color-hlmd. He who, without 
being quite guilty of this confusion, evinces a manifest dis- 
position to do so, faas a feeble chromalic sense, 

" Remark. — We must remember that we might have 
taken more than five colors for ' confusion ; ' but we have 
here in view, not eceri/ kind of defective color-sense, but only 
tlioae important in the business of railways. The number 
of colors on the plnte ia therefore sufficient, as these are the 
most important and most common. 

" As to No. 1, which represents the gray color, we would 
remark that too much stress must not be laid on the 
light intensity, or on slight differences in the color-tone. 
This is especially true of Ihe gray skeins which the exam- 
ined puts with the sample. If we need determine only 
wlwther a jierson was color-blind or not, no further test 
would bo necessary. If we want to know ttie kind and 
degree of his color-blindness, then we must go on with 
another teat. 

"Tkbt II. — A purple sfcein is shown the einmined. 
The color should be midway between the lightest and dark- 
est. It will only approach that given in II. of the plate, 
because the color of the worsted is much more brilliant and 
saturated, and more towards the blue. 

••Unit. — The trial must be continued until the one ex- 
amined has placed near the sample all or the greater part of 
the skeins of the same shade, or else, siniultuneoualy or sep- 
arately, one or aeveral nkeins of ■ confusion ' ((!-fl). Ue who 
ooutusfs the colors selects either the light or deep shades of 
blue and violet, especially the deep (8 aud 7), or the light 
or deep ahadea ot one kind of green or gray inclinlug to 
blae (8 &ud 0> 

" DiagnoiU. — 1. He who is color-blind by the fint teA 
and who, upon the second test, sokots only purple t 
itittmplflelji color-blind. 

"2. He who, in the second test, selects «' ~ 
blue and violet, or one of tbem, is eompUutg rt 

" 8. Ue who, in the second test, salectc v'" 
green and gray, or one of thei 

" Hrmark. — The red-blind nover « 
by the green-bliud. and eice t 
places a violet or blue Hkcin aide 
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brightest shades of these cole 
our diagnosis. 

" The fact that many green 
sides gray and green or one of 
has led to misunderstanding, 
eluded that red and green blii 
the same individual ; others h 
kinds of color-blindness were : 
my method. The former con* 
two kinds have great similarity 
theory, but differ in innumeral 
are nevertheless, in view of the 
two sharply defined species. 

** The second conclusion can 
standing and not using the metl 
purpose of this method must 1 
view, and that is to find a cha: 
color-perception of the examine 
sign, with green-blindness, is the 
gray or green, or both. This co 
determined : all else may be neg 
blind, who confuses purple with g 
or both, is green-blindy do what else 
and it will not fail the careful an 
understands the application of th 
is often possible, in marked cases 
ness, to decide which kind we ha^ 
acts with his hands. 

" We do not mean by this tl 
very easy. Practice and knowle 
over, as we have often said, there 
from incomplete color-blindness t 
side, and, on the other, to compL 
must naturally be a border line v 
kinds of color-blindness cease to 

" The examination may end w 
uosis be considered as perfectly se 
sary, practically, to decide whe 
red or green. But to be more 
relation of complete color-blindn 
and especially to convince, if r 
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pIOTi^s and otbers who are uot Bpecialiste, the esamination 
may be completed by one more trial. The one we are going 
to mention is not necessary to the diaguosia, and only serves 
to corroborate the ijivestigation. 

" Test 111. — The red sfcein is presented to the subject. 
It is necessary to have a vivid red color, like the red flag 
used as signals on railways. The color should be that of 
H. h of the plate, rather towards yello'wisli red. 

"Rale. — Thb test, which is applied only to those com- 
pletely color-blind, should bo continued until the jsersoii ex- 
amined has placed beside the specimen all the skeina belong- 
ing to this shade or the greater part, or else, separately, one 
or several ' colors of confusion ' (10-13), The red-blind 
then chooses, besides the red, green and brown shades, which, 
(10-11), to the normal sense, seem darker than red. On the 
other hand, the greeu-blind selects opposite shades, which 
appear lighter than red (IS-l.^). 

" fiemarjt.^ Every case of complete color-blindness dis- 
covered does uot always make tho precise mistakes we have 
just mentioned in tlic preceding ezaminationa. These ex- 
ceptions are either instances of persons with a comparatively 
inferior degree of complete color-blindness, or of color-blind 
persons who have been exercised in the colors of signals, 
and vfho endeavor not to be discovered: they therefore 
usually confound at least green and brown; but even this 
does not always happen. 

"Additional Note. — Wo have not given rules for dia- 
ooveiing loial color-blindness, because we have not found 
any eases of this kind. U any such should be fouud, they 
will be recognized, according to the theory, by a confusion 
of every shade having the same intensity of light. 

" Violel-UindneM will he recognized by a genuine confu- 
uon of purple, red, and orange in tho second test. The 
diag^noais should be made with discrimination. The flrst 
test often shows blue to be a ' color of confusion.' This 
may, in certain coses, be the sign of violet-blindness, but not 
always. We have not thought it advisable to admit defects 
of this kind ; only the most marked cases, that other exam- 
inatioiia establish aa violet color-blindness, should bo redd- 
ened in the statistics. Finally, to acquire a d 
fonnitjTi H is necessarj to odd, that, in ths ] 
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examination, it is my habit t 
cially kept for that purpose, 
by 2 (2 R., 2 G., 2 V.), those 
and those of feeble chromat 
0.5 V.)." 

Professor Holmgren h 
a further explanation o 
for color-blindness, whicl 
French, or German editic 
abridged translation of tl 
fore add it here in full, as 
examiners : — 

" The Detection of Color-Blim 

" Those who, in the coUecti 
research or for the practical pu 
road employds and sailors, ha 
large numbers of persons, in on 
from the normal, and ascertain 
will have found the great valu( 
and sure in its working. This 
by my method with the worste^ 
to gain still further time, — thj 
of the examination without de 
practicability, — I have late] 
method of working, whilst re 
thereby gaining a third or mor( 

" As my method has been £ 
use spread so rapidly and so w 
a brief explanation of this m( 
professional men. 

"The worsted method, fror 
movable character of the ma 
cable to any special case. It c 
modified to meet circumstances 
practical contrivances of more 
as they may seem, were only 
They partly relate to the wor 
ticular way of carrying out the 
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"I. The right choice of colorsfor the coUectioii of worsteds 
to be used helps not a little to shorten the exami nation. All 
who are prac^cally acquainted with my method have had 
their patience tried by the ivant of readiness of the normal- 
eyed iu picking out the lighter of the green skeins corre- 
eponding to the sample from the other green shades of the 
bundle. In my book I bad to devote many pages to this 
point. Afl I there said, it is the normal-eyed who cause 
most loss of time, from their peculiar misappreciation of 
the green colors, which is of no importance for the main 
object, and generally to be corrected. The color-hlind, on 
the other hnnd, make no such errors, but other very different 
and characteristic mistakes, and generally very quickly. 

" There ia therefore consiUorable gained if we can help 
the normal-eyed, and still not change the conditions of the 
test for the color-blind. This may be done by leaving out 
of the bundle of worsteds all the green colors, except the 
lighter ones belonging to Test I. In this prinury teat the 
choice for the normal-eyed will be wjtbio quite narrow lim- 
its; and, as experience has shown, they are quickly through. 
The color-blind, however, to whom the other colors, or so- 
called confusion-colors, resemble the green, has as great a 
choice as before. 

"The removal of the superfluous greeua is therefore sim- 
plifying the method, and an improvement from the saving 
of time. We lose also nothing from the certainty of the 
color-blind's distinguishing himself from the normal-eyed. 
We must, however, not fail to remember, that, though this 
renders the method more precise as to the practical point, 
yet it also limits it. Opportunity for observing certain 
other points is lost. For instance, we have reduced to a 
miniinum the chance of watching the evident diSerence in 
the intelligence, practice, and education of the examined, 
all which poss(?B3e3 a certain psychological interest. 

"When, as in railroad employes and sailors, we are con- 
cerned alone with rapidly detecting the commonest forms 
and degrees of color-blindness, — namuly, complete red and 
grnen blindness and incomplete color-blindness, — we may 
of course, also, leave out the bright-blue worsteds, and, with 
Test U., the bright-violet colors. But in Test II. wo must, 
for the green-blind, leave all the grades of the bluisb-g 
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confusion-color, No. 9 of the ; 
of the green colors, because 
and suiiiciently indicate the p 

"II. As to the carrying-a 
quicker than the selecting at 
the color-blind from the nor 
tion of a mass of people is 
because the necessary surety 
classification of the color-blii 
nation of each individual. 

" This simplification, howe 
of persons together being pre] 
of the method is the fact thai 
to answer any question, but 
the character of his color-sen 
of course implies his being 
he is to do. Just how this is 
has no small effect on the n 
tion. If each person is thoro 
is to do, he finds it extreme 
the test, whether he is color-l 

*' The certainty of the tes1 
its rapidity is increased by g 
tion to a large number togeth 
the examined, or as many an 
tested. AVe need not fear t 
any thing by seeing what th 
of the examination is all the 
when a number have regular 
correctly, and then one comes 
among the lookers-on, and i 
takes of the color-blind. Th 
other hand, a normal-eyed ma 
takes of a color-blind. In t( 
however, but rarely happen 1 
simulating color-blindness, 
ing the color-blind is readib 
control examination, and hen< 

" AVith these preliminary r( 
quickly testing large numbe: 
color-blindness may be briefly 
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" Ist. In (he first test, we leave out of the bundle of wor- 
steds all tha jp-eens, with the single exception of those lo 
which the test-cclor I. belongs (lude tlie plate), and which 
sbonld consist of aboutllTQ grades orshadcs. 

" 2d, ^Vhen using the second t-est, wo put in the bundle or 
near it the bluish greens of various intensities, correspond- 
ing to the confusion-color No. 0. 

"M; Before commencing, let some fifty stand round the 
table on which the worsteds are placed, or be so arranged 
that Ihey can see what takes place on the table. Then call 
attention to the t^st as follows : — 

"4th, We hold up the five green worsteds before the ei- 
aniiiied, and tt'll them, to carefully observe them, so as to 
readily and quickly ]iick them out from all the mised-up 
colors. Then we place test I., the brightest of liie five, to 
one side, and mis the others well in the bundle, With our 
own hand we rapidly pick these out again, and lay them 
with the first to one side : in other words, wc perform the 
test just as it should be, and this we can repeat as often as 
is useful in hastening the examination. 

"flib, After this preparation, we let the examined come 
one after the other to the table, and repeat the test they 
have seen done. The others must keep quiet, and neither 
by laughing, calling out, or signs, interfere with the one 
being tested. 

" Otb, When any has shown himself color-blind by this 
test, then, for the differential diagnosis. Test II. will be used. 
Test III. need nol be at all. 

" Tth, As in general the t«st is rapidly made, a feeble sense 
of color is shown by great slowness in the manifestation. 

" Wa may tlius witli perfect certainty test n hundred or 
more individuals in an hour, especially soldiers or those 
under discipline. 

" Finally. I would remark, that, with this method of test- 
ing, vie need not speak a word, of which experience has 
oonvinccd mo. We may test the dumb without even know- 
ing their sign -language. This method, therefore, recom- 
mends itself above all others for testing nncirilized people 
whose language is unknown to the examiner. Such exam- 
inations, which 1 have already carried out to a small extent, 
will be of interest in reference to the question of develop- 
ment of the color-sense in general." 
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I have thus given Holm 
tion of the worsted-test as 1 
own experience has been to 
seemingly longer method w 
of greens. Therefore I ac 
scription given in the origu 
of conducting it. To tho( 
may consider it superfluoui 
tended, I would say, try an( 
alone amongst those with 
your part would be fatal, an 
back and carefully study tl 
with thanks to Holmgren fo] 
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SPECIAL DIEECTIONS FOR CONDUCTING THE TEST. 

" The method, as we have aaid, plays an important part 
in an examination of this kind, not only from tho principles 
upon which it tests, but also from tlic maxincr in which it 
is used. Tho best plan for directing how to proceed is 
by oral instrnctions and i/e I'isit ; but here we are obliged to 
acoomplish this by description. Now, this is always defec- 
tive in some Tcspecte, especially if wo wish to be brief. 
What has been eaid would evidently suffice for an int«lli- 
gent and esperienced physician; but it may not be superflu- 
ous to enter still further into detail to provide against any 
possible difficulties and loM of time. The object of the 
eiamination is to discover tho nature of a person's chro- 
matic sense. Now. as the fate of the one to be examined 
and that of others depend upon the correctness of the judg- 
inent pronounced by the csamlner. and lliat this judgment 
ahoulcl be based upon the manner in which the one eiam- 
iued stands the triul, it is of in)pDrtanc« that this trial 
should be truly what it ought to be,— a trial oE t}ie nature of 
the chromatic seuae, and nobbing else, — an end that wiU be 
gained if our directions are strictly followed. It is not on^ 
necessiiry tliat tlie examiner carefully observe them, — ^^^ ' 
dots iiot socm to us difficult, — but that healsotatc 
that iJic individual esamined does thoroughly what 
quired of him. This is not always as easy oa one 
suppose. If it were only required to ciamine int 
people, familiar -with practical oocupatjons and i 
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with colors, and with no other 
issue of the examination than 
color-blind or not, the examina 
mechanical ; but it is required 
rious degrees of culture, all of 
Bonal interest in the issue of ti 
people act very differently durinj 
reasons. Some submit to it witl 
their defect; others are convinc 
mal sense. A few only have a 
some suspicion, of their defect, 
recognized before the least exam 
the others, by attentively followu 
but, if allowed, willingly remaini 
quick; others, slow. The forme 
and boldly; the latter, with o^ 
dread. Some have been perhap. 
tised themselves in preparation J 
never been familiar with colon 
tested may be some color-blind, 
uncertain about their mistakes, ; 
whilst others again are practised i 
nals and hence conclude that th 
They make the trial quickly, and vs 
regularly making the mistakes c 
cial form of color-blindness. 

" The majority, however, desire 
well as possible ; that is, to do wh; 
This of course assists in testing th 
lead to too great care, as then the 1 
more difficult; the trouble being 
wasted. Only a very small part 
namely, to pass for color-blind, tl 
will speak of these later, and noT 
with those who stand the test in g( 
to appear normal, though perhaps ( 

"The trial generally goes on ra] 
will only mention those hinderance 
most frequently occur. The exam 
mistake is made from not unders 
the colors need never be used, e^ 
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name learned hides the subjeotive oolor-senBatioo, or to And 
the relation between the name the color-blind employs and 
his color- perception. 

" The person eiamiced who thinks more of names than 
the t^Bt itself (this being generally a sign of sc tool-learn- 
ing) selects not only the worsteds of the eame shades, — that 
is, those of the same color to his aye, — bat all which gener- 
ally have the name of this color : for instance, in the first 
test L, not only tbe green like the sample, but all that are 
green; and with the second test, not only the pnrple (and 
what are generally called red), but all which loot: reddish, 
scarlet, cinnabar, or sealing-was red. This is of no impor- 
tance ; for those who only do this have scarcely such defec- 
tive chromatic sense as we are concerned with. He is either 
normal-eyed or violetblind. Simply-as a test of violet- 
blindness in the interest of science, we can go on with the 
trial, and ascertain how far the grouping of the two colors 
was due to a conf uaion of names or to defective color-percep- 
tion. Otherwise this examination does not conoern the prac- 
tical point we aim at. 

" Under any eirciimstacce it is better to correct the mis- 
takes just mentioned, when arising from misunderstanding, 
ami even necessary, in reference to nmtakes wo explained 
with the first test. It might be said that it was sufficient 
if the examined confounded the sample-color with green 
only; that it was indifferent whether he distinguishes care- 
fully between tbe various kinds of green. Bat, in fact, this 
is not so unimportant. Wo must give full value tn the 
determining whether the infraction of the rules arises from 
misunderstanding, or lack of practice with colors, or, finally, 
flam a true chromatic defect. To include all that is green 
would render the test tedious and unpractical. In fact, no 
litUu judgment has been exercised in the selection of tlie 
very lightest shade of the green proposed as a sample-color ; 
tor it is exactly what the color-blind most readily confounds 
with the colors (1-5) of tho plate. If the subject were 
kUowcd to depart from tho narrow limits established by the 
trial, it would include every shade of green ; tho result of 
Khich would be that he would prefer to sek'ct ail the vivid 
•ha(l<^, anil thus avoid tho dangerous ground where his 
dt:f>'ct would certainly be discovered. This is why it is 



gruunJ, to thu gnat loss of ' 
What we have just eaiil ot § 
purj.le. 

■■ Tbp principle of our met 
iord to rcvenl himself, by an 
bis chroniutid aeuse. Now, i 
certain limits, it is evident ' 
him to a ccrtoia degree. Tb 
some difficulty, ns he will n 
cither too much or too litUe 
should use Ilia influence, ii 
certainty ; and thia ia uauall] 
veution la of course iut^nde 
true jjath, and is accomplish 
the case in l>oi 



" (A) Interfering ichen the 1 
'' It is not atwaya easy to 
in the limits of the metho 
test, for example, a yellow-g; 
the others, and, aa soon as t 
and it thus Iiappena that it 
handful of yellow-green, a e 
both theae shades at the 
assisted us in more than on( 
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" 1. He rejects, one after the other, the foreign shades ; 
so that the correct regain, which is often only the sample- 
ekein. He is shown what mistake he has made. Names 
arc used to remind him that one class of green may be 
f elloiT green ; and another, blue green : and, Ui induce him 
to avoid them, he is advised only to select skeins of the 
eame shade as the specimen, Although they be lighter or 
darker, and have neither more yellon nor blue than that. 
li his first error arose only from a misconception or want 
of practice in handling colors, be begins generally to under- 
stand what he has to do, and to do properly what is required 

"2. Or else he selects and rejects immediately the Ekein 
of the sample itself. This proves that he sees the difiereuca 
of color. Ue is then shown the skein aa the only correct 
one, and asked to repeat the trial in a more correct manner. 
He is ^ain put on the right track as just before; and the 
trial proceeds rightly, unless thi! error arose from a defect in 
the chromatic sense, Many seem, howerer, to experience a 
natural difficulty in distinguishing between yellow green 
and blue green, or the dull shades of green and blue. This 
difficulty is, however, more apparent tlian real, and is cor- 
rected usually by direct comparison. 11 the metliod rec^uir- 
ing the name of the color to be given is used, a uumbur of 
mistakes may be the result If a skein of light greeu and 
light blue alone are presented to him, asking him to name 
them, he v,-ill often call blue green, and green blue. But 
if, iu the first case, a blue skciu is immediately shown him, 
he corrects his mistake by saying this is blue, and that 
green. In the lost case it happens so mulatia malandis. 
This is not the place for on explanation. It must suffice to 
Hy that tlie error is corrected by a direct comparison be- 
tween the two colors, 

" There is, according to the theory, one class of the color- 
bi'n'd — violct-'blind — who, in consequence of the nature 
of their chromatic sense, imd, therefore, nottrithstanding 
Ihu comparison, cannot distinguish blue and green. But 
our method has nothing to do with this class oC the color- 
blind, because such are not dangerous ou railwnys. 

'•(/i) Anolhrr Pracea. — li the one examined place by the 
side of the sample a shade, for instance, of yellow green, the 
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examiner places near this another 
more yellow, or even a pure yellow, 
time, that, if the first suit, the la£ 
usually dissents from this. He is 
and classing the intermediate shad* 
tion, which will diverge widely if L 
has begun. The same course is fol 
blue shades, if the blue-green were 
the successive gradations, and goei 
perfectly if his chromatic sense is c< 

" To ascertain further whether hi 
or the tints of yellow and blue in 
ourselves the yellow green and blue 
finds this to be so. We can judg 
sense with regard to these shades, 
investigation is accomplished. 

" It results from all this that mj 
sidered to have a normal chromatic 
cause embarrassments. In the mai 
of this kind causes greater loss of tii 
It is astonishing to see with what 
betray their defect. At least it is fo 
the cases examined by us, that the fir 
from the pile by the color-blind in tl 
the * colors of confusion.' 

" (B) ' Interfering when the Examined 

" Those who evince too great slo 
interferences of the examiner in ano 
lay aside here those cases in which, a 
plex colors of the heap of wool, the e 
cult to select a skein resembling the 
where all the particular colors seem tc 
and in consequence declares immedi 
none resembling the specimen. It is i 
resemblance is not demanded, and thi 
bilities ; that time is limited, many 
there are people who — from natural 
unaccustomed to such business, fron 
takes, and especially if previously exai 
color-blindaess, or from many other n 
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the gt«ateat caution. They do not even wish to touch the 
wool ; or they search, select, and replace with the grcatadt 
care all the possible skeins without finding one coirespond- 
iiig with the sample, or that they wish to place beside it. 
Here then are two oases : on one hand, too much action with 
the fingers, without result; on the other, too little effort. 
The examiuer ia forced to interfere in both cases. 

" (a) At the time of a too great manual action, without 
corresponding practical result, the examiner must be care- 
ful that the eye and hand act simultoueoualy for the accom- 
plishment of the desired end. 

" Some people forget that the hands should be subservi- 
ent to the eye in this trial, and not Eict independently. Thus 
they are often seen to fix their eyes on one side while their 
hands are engaged on the other. This should be corrected, 
80 as to save time and avoid further labor. When, from the 
manual activity of the one examined, or by the unobserved 
aid of the examiner, all the correct skeins, or only a portion, 
arc found in the pile, it is wise to stop, and invite the former 
to cross his bauds behind his back, to step back a pace, and 
quietly conaidet all the skeins, and, as soon as his eye has 
met one of thosa for which he is looking, to eitend hb hand 
and take it. The best plan ia to advise him to look first at 
the sample, and then at the pile, and to repeat this mauiBU- 
vre imtil his eyes find what he is looking for. 

" This stratagem generally succeeds when nervousness 
from ovcr-auxicty causes his hands to tremble : but it ia 
not always easy to induce him to keep his hands behind his 
back until the moment for taking the skein iu question. 

" (!•) Iu cases of great caution, the trial is hastened, if the 
eioiuiuer come to tlio assistance of the other by holding 
above the pile one skdn after the other, and requesting him 
to say whether it resembles the color of the sample or not. 
It will be advisable first to select the skeins that a color- 
blind person would approve. If he is so, he will approve of 
the seK'ction, and the question is settled; if not, he rejects 
Ihvra, not without a characteristic smile, or with an expres- 
uou of wounded dignity. This also enlightens us as to his 
ahroinatic sense. Bub even the color-blind may, iu such a 
esse, refuse what is presented, especially if his caution is 
{•r^meditated, and he suspects that a snare is intended. It 
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is found quite frequently that he : 
likewise presented with the othe 
when one, having a normal chro 
deliberative when subjected to the 
has an eye alive to the correct cole 

" One process, in cases of this la 
samples, which are placed quite ni 
side, above, or below, to attract tfa< 
ined from the right side. It is nee 
the true sample be displaced when 
so that the person examined may i 
however, always happen to catch h 
is then to miJce him examine tb 
behind his back, and invite him to 
But, whatever the process, it is i 
where one has been assisted in seL 
of skeins which he has found analo| 
to make a rule not to conclude the 
into the effect of the aid accorded, 
in the hand the approved package, i 
or if he would desire any change, 
the diagnosis is established. The s 
sued with the defective chromatic s 
be made with or without assistanc< 
name given by the color-blind to th 
be likewise asked. 

" In cases where any one suspect( 
remained some time to see the trial 
often happens, he has remarked the 
required green shade, he may of cc 
own trial. But this can be preven* 
ing one or two of these samples. li 
to confound green and gray, it wil 
him. If we do not succeed, even 
entrapping him in this snare, the 
put back into their places, to be cor 
correct. 

** From the above, it is seen tha 
necessary in our examination. It 
advantage of our method that it 1: 
variety of resources. We have by 
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and yet many who have onlj read this description wUl 
probably reproach us with having devoted ourselves too 
much to details which seem to them puerile. But we be- 
lieve that those nho have examiued the chromatic sesse of 
& great number of persons, and acquired thereby eonsidera- 
abie erperieoce, will think differently. 

" We are convinced that time is saved by such artifices, 
and a more certain result obtained ; whilst a practised sur- 
geon, who has become to a certain degree a virluoso, will 
accomplish his object quicker and surer by such artifices 
than one who neglects them. Recent experience fully coa- 
firms this. All those who have familiarized themselves 
with my method, and have had experience with color-blind- 
ness, and of whose competence there can be uo doubt, report, 
without exception, that it is to be fully depended on, — the 
most practical and the best. Therefore the single unf»- 
Torable opinion I know of — namely, thatof Dr. Stilling ^^ — 
can only arise from negleut of the simplest rules of tbe 
method. He thus appears to have wholly overlooked my 
first and most important test, and admits his inability to 
decide between tlie names and the color-confusions of the 
examined, which is so readily done by ray method. Moreover, 
be used the plate in my book to test for color-blindness, in 
direct opposition to my expressed directions, and the piinci- 
pies of this mode of trial. This wilt suf&ce to explain to 
every intelligent person Dr. Stilling's erroneous and con- 
fosed ideas as to the application and carrying-out of my 
method. The lack of value of a judgment based upon bwAi 
a misapplication and vrrong use of the method is self-evident. 

"An advantage of our method we showed to be, that 
those who were to be examined could be present and see ea«h 
individual tested, withont this interfering in the least with 
the ottrtainty of the result. The individual test is even 
butened thereby. The color-blind, and even the normal- 
eyed who are not familiar with colors, are generally rather 
bIij about being tested in whatever way it is done. As ouia, 
however, is carried out, they have more reliance. The ma- 
jority are even amused. The old adage holds true here, that 
it is easier to find fault tlian to do it yourself. The sui^eon. 
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who watches not only the examin 
con often see from their faces hon 
the person being tested when he 1 
as also when he neglects the right 
gives those looking on confidence 
turn comes, when tliey appear as 
were confident. There is in this so 
lating the interest, and hence not ^ 

" From this we see that our jud| 
sense is made, not only by the mat 
nation, the character of the worsted 
by the way the examined acts duri 
mention a very common manner ol 
in many cases, is of great diagnostic 
ing for the right color, they suddei 
with the sample ; but then notice 
and put it back in the heap. Th 
and, if an examiner has often seen it 
it, and be assured that it is an expn 
tinguishing the differences of the 
see this in the first test, with 8had< 
bluish green. Here it means no 
the reverse, however, when it concei 
confusion-colors 1-5. Uncertainty 
these colors, which the color-blind 
the sample, even when directly com 
proof of mistake, implying defecti' 
the complete color-blind. No dout 
defect which we have called incompl 
in several kinds and degrees. This 
discuss our experience on this poin 
purpose we have in view, it is not 
explained, there are, among these, f c 
ing normal color-sense. How they a 
We designated them as feeble color-i 

" It is, perhaps, not easy to det< 
any other, or even our own, methoc 
following as a means of so doing. 
at the point is one we gave in the ea 
namely, the determining at what 
could distinguish a small colored si 
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bave to do with a feeble color-sense, whioh does not prevent 
the distinguishing of the colors, but only renders it difficult. 
We may suppose, in comparison to the normal color-sense, 
the feeble is due either to a weaker response to excitation 
on the part of the color-perceptive organs of the retina, or a 
relatively smaller number of these organs. In either case 
this method would give us the same result, judging from our 
experience in testing the eccentric portions of the field of 
vision with the perimeter. 

" The method we here speak of shows us also the effect 
of habit and practice on the color-perception, aud it is worth 
while to dwell on this point. It happens not seldom that ft 
person who by test No. I. has been noted ' incomplete color- 
blind,' after they know of their mistake auJ bave practised 
in distinguishing colors, will ho comport themaelves at ft 
teeond trial that we have to simply mark them as of ' feeble 
color-sense.' This fact might support Dr. Favre'a idea that 
defective chromatic vision may he improved. This possi- 
bility, however, does not militate against our hypothesis 
from the theory, as to the nature of feeble color-sense. It 
does not change our stand-point in the question. We have 
the same Hometimes witli test No. II., explainable by what 
we have said ; namely, that, between the complete lack of 
chromatic sense and the incomplete, there was a series of 
gradations, and that just here praotiao would affect the re- 
sult of examinations. 

*' All the examples here spoken of but prove that many 
seeming trifles and stratagems arc of value in making the 
examination, — amongst others tho keeping the sample a 
little way off from tlie heap of worsteds, as also the removal 
of every thing which can cause the examined doubt and 
uncertainty. We miut not, therefore, let them do what 
many want to; namely, hold a number of the worsteds in 
the band at once. We must make the person being tested 
place each skein, as he lakes it up, either with the sample 
or back on the pile. Many who are not clear whether the 
skvin is like the sample or not, instlnclively put the abodes 
most resembling the test-sample at the side of the pile 
towards it, and thus gradually fonn a little bridge, whose 
security they would not undertake to vouch for. No such 
^Lftli-ndes tqust, however, be allowed. 
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** Deciding whether the Examined \ 

" The method of scrutiny here d 
as we have seen, not only comph 
blindness, but a feeble chromatic 
been proved that there is a perfect 
color-blindness on the one side to tl 
ception on the other. The questl 
from our practical point of view, '' 
draw a dividing line between the 
defective color-vision which would 
not cause any inconvenience to the 
case of an affirmative answer, wh 
found. 

" It must first be remembered, th 
of things, these questions neither c 
tied in the same manner in every c 
tion is intended for individuals of 
1st, the aspirants for railway em 
employes, or those already in service 

"It will be readily understood 1 
ence of the cases, in deciding what x 
examination. We have already g; 
point. Justice here calls for an es 
posing that the test has been alwa 
accuracy. Hence we must pay esp 
of the above classes when deciding 
fitted for his duty. 

" (A) Those who are Applicants J 

" We must bear in mind that in 
the regulation in force there for the 
railways (followed also, as far as we 
lines), it is required, that, in order 
applicant * prove by a certificate froi 
is exempt from any kind of infirmit 
conformation that could be prejudicii 
functions ; ' and also, that among thes 
tion, in connection with signals, are r 
the chromatic sense, to which the ma 
directed the attention of the physi 
lines. 
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" According to the principles we have stated, the greatest 
■ererity should be observed in this case; or, in other terms, 
tba least defect in the sense of colors should be a sufficient 
ground for rejection. 

"We must seek, therefore, to adapt the method of test to 
this law. The object of a test is to prevent any one from 
working as a railroad employ^ who does not hare a perfectly 
normal color-perception. Wo have already sufficiently ex- 
plained the evils arising from contrary action in case of 
admission to railroad-work. The border between normal 
and abnormal co!or<sense, like that between the normal and 
abnormal in all analogous fields, is purely conventional, and 
can never be sharply defined. In this cose, however, it is 
necessary, and our experience shows, that, so long as the 
question of improving color-blindneaa is an open one, wa 
must consider as over the border the slightest chromatio 
defect that our method can detect, or the slightest degree of 
incomplete eolor-bliudness; tbat is, feeble color-perception. 
In consideration of the insignificance of the trouble, our 
demand seems hard ; and yet we think that it is not too 
severe. On the contrary, it is quito possible that hereafter 
still stricter rules will become necessary. 

" Out practical work is greatly simplified by drawing 
this houndary-liue. Wo hold as fiied that the surgeon is 
not to be asked to decide whether a man is fit for the ser- 
vice or not, but simply to state the kind and degree of the 
color-blindness of the employ^ referred to him. The de- 
cbion of an intelligent person is then immediate and 
decisive, whether he gives alt the examined a written cer- 
tificate, including tho color-blind, or refuses this to the 
latter. The statement of the slightest color-blindness in 
the first case, as also the refusal to give a certificato in the 
latter, are both equal to refusal. 

" (B) Employia already in Service. 
" We must here ask ourselves if we must not modify 
thn limit we have just traced, in order to carry ont the 
principle we stated before ; namely, that it is necessary to 
adopt less severe rotes as to the climinaUon from the service 
of those who are already employed. We here encounter 
great difficulUes; and it n-ill be seen that it is not possible 



\ 



234 COLOB-BLINDN] 

to settle the question summarily; 
defined limit cannot be traced. In s 
should always, when he discovers a d 
sense, give a certificate which wi 
These indications include, as we ha' 
agnoses complete red-blindness, complei 
plete color-blindness, or a feeble chrome 

" Our method adheres strictly t< 
account of the transition-forms, the d 
meet the very exact demands of th 
with complete color-blindness only th 
of the three elements of the visua 
wanting or completely paralyzed, 
color-blindness only those cases in wh 
are wholly wanting, but simply the 
very much reduced, we shall have tc 
the latter class with the first On th( 
often have to consider the lower grade 
blindness with feeble chromatic sense 
recall cases of a person — especially 
tised — being at the first examinat: 
pletely color-blind, whilst a second tin 
incompletely color-blind ; and others \ 
one time incompletely color-blind in tl 
word, whilst at another only feeble 
shown. In such cases the record shoi 
* incomplete color-blindness,' approacl 
green, or incomplete color-blindness of 

" The same strict rule should be ap 
employed as to those seeking service 
who show any lack of color-perceptio: 
tainly most surely protect the railroad 
Such a general law, however, has its 
as we must recognize, in respect to the 
ing the signals, a great difference bet'' 
blindness and a feeble color-perception, 
of incomplete color-blindness vary also 
a line here, and say beforehand who sh 
who retained, will be as easy in regard 
cult in reference to the latter; for w 
every case of complete color-blindness « 
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M every case of incomplete of the higher degrees, should be 
immediately dismissed. But, as rej;arilB those nho mny be 
retained, It is clear that the firet question concerns those 
who, at the time of the trial, were regarded in the diaj^osis 
only as having a, feeble ehromatic sense, and then those 
who ID the first test merely confound gray with the sample- 
color. But we do not ven ture to lay this dotvn as a prin- 
ei]ilp; for, if it should be proved that these individuals can 
generally dbtinguish the light of colored lanterns with suf- 
ficient accuracy, this does not prove that it is so in every 
case, and especially not at every distance required in the 
oervice. This is why we know nothing better to advise than 
to refer all such cases to competent specialists, as long as 
the transition period of which we have spoken lasts. 

"It may be asked, liow will the specialiats themselves 
proceed? To answer this, however, would require a mucli 
more extended soientitic dLwuHsion of tite various methods 
than we have proposed here to mate. We would ouly give 
some hints. A specialist who is familiar with this subject 
h:ts all known methods at his disposition; and. if these foil. 
lie need hut invent others. As, however, I have been in the 
position of the specialist in reference to the reform on the 
railroads of Sweden, I will here say how I have proceeded. 

"In the exuminutioti of doubtful cases submitted to my 
judgment, I determined according to several of the methods 
meDttoued in one of the preceding chapters. In general, 
these jiersoDS were all subjected to a trial according to the 
methods of Secbeck and Klaswell, and an examination by 
means of the visual perimeter and of colored shadows, as 
well as the lanterns of my invention and colored glasses. 
These Inst means have capacity especially in view ; and they 
are very suitable for the object, wlien it is desired to inves- 
tigate those who have been already discovered, by my 
mi^thod of Berlin worsteds, as having a defective chromatic 

'■The light of colored lanterns and illuminated surfaces 
generally, conveniently arrauged and methodically used, 
may serve especially in such cases to enlighten us as to the 
tacul^ of tlie person examined for appreciating colored sfg- 
nals. Our experiences of this kind have shown us that Ihr- 
majority of color-blind railway employ^ however m 



286 OOLOB-BLIKDl 

practice they have had, are utterly 
and distinguishing the regulation 
dally when they are employed in tl 
most commonly in nse in the senrio 
to the completely Ired and green bl 
completely blind. These last rei 
stantial investigation, and it is ha 
lower degrees can stand the trial, 
trae, distinguish the signal-lights i 
sufficient accuracy ; but they do' not 
tively greater distance. As the phu 
usually made do not command sud 
for observing signals, signal-lights e 
for these trials. They are replace 
surfaces, which, seen from a suitabl 
actly the same effect as lanterns at i 
surfaces are made by placing a scree 
ing covered with a colored glass, befo 
« We have, however, said enougl 
to be employed in such cases. We 1 
into the details of them further, ai 
would on the whole be advisable. ' 
be api>arent from the following chapl 
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EFF0KT3 TO CONCEAL OE TO FEIGN COLOR- 
BLINDNESS. 

" We have announced that none of the kinds of ooior- 
lilindness we have in view in Ihis work could escape dis- 
covery by our method. But this, of course, msuidos that 
the subject does his best iii the trial, and acts in good fuitii. 
If it happen that one persists, either in concealing a con- 
scious color-blindneas or for some other motive, in not 
girini; the least information by act or word, it is evident 
tlial the examination nmst fail from this simple reason, and 
that it is impossible to draw any positive conclusion with 
regaril to his chromatic sense. The examiner may in such 
a case mention unconditionally in the certificate that the 
one examined refused to submit to the usual examination. 

"It is not difGcnlt to say how it is necessary to act with 
regard to such persons. It should, in fact, be the interest 
of each one possessing normal sight, desirous of entering 
the service of railways, &c., to endeavor to be competent in 
every respect, and consequently to give manifest proof of 
his sense of colors. The color-bliud alone have any inter- 
est in concealing tlieir defect : therefore they endeavor to 
cseope the trial. Every candidate who will try to avoid the 
prescribed trial must therefore be considered and treated oa 
color-blind. Such obstinacy on the part of an employ^ 
must be considered and treated as an infraction of the rcg- 
nl aliens. 

" But cases may arise also in which those possessing normal 
tight will feign eolar-blindness, and act as if they were so 
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affected. This may occur when soi 
a pension before the time, or else to 
sequent upon an unexpected accid 
veiy cases that put the method and j 
iner to the test. The examination th 
of a kind of criminal inquest, where t 
must give all the attention of whi 
their reciprocal acts and expression 
other. The one examined tries tc 
blind, while the examiner endeavo 
normal sight. The prospect of com 
singular a contest rests, in the last n 
understands the nature of color-blin 
perience in the manner in which t 
enable the pretender to deceive the € 
ly necessary that he surpass the 
color-blindness. There is in this a 
the examiner, as it would be extreme 
employ d or sailor who would, under i 
tidned, be subjected to an examinatii 
to himself in knowledge. It is clear 
ination so difficult, so minute, and im 
sibility, should be confided to the i 
possible. But it is, on the other lian( 
a case should occur where it woul 
learned and experienced specialist wc 
an examination. 

"In the first place, examinations oj 
occur ; and, when they do, it must b 
difficult cases, — that is to say, aftei 
circumstances where the one examin 
time to study hLs part. It will generj 
he has not a profound knowledge of th- 
ness, but imagines it to be a difficul 
tinguish signal-colors or colors in ger 
fore be governed by this idea ; and e 
distinguish every other color, so as 
signal-colors, or else he will believe 
matter what color. But, as wc hav« 
color-blindness follows laws as fixed 
Such a strategem will not fail to viola 
vidual will be caught in the very act. 
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" But there is absolutely nothing which opposes the sup- 
poeition tliat tliia iudividuol may have a. certain knowledge 
of the nature of color-blindness, or, at least, tliat bo ma; 
have ou idea of its regularity with regard to the confusioa 
of colors. Ho may hare studied the proofs we have cited ; 
and, oning to the exercise aud observation of the color- 
blind, he will knon bow to perform them in a manner suit- 
able to the object in view. The examiner has always, how- 
ercr, the choica of otiicr sample-colors; and the Berlin- 
worsted method alfords a large choice. If that does not 
sufhce, and tho individual has learned from the truly color- 
blind to classify the whota collection of worsteds according 
to their chromatic sense, — that is to say, that he can stand 
the trial according to Seebeck'a method, — and if he is so 
thorough iu hia part that there ia no means of making him 
depart from it by abrupt or contradictory questions, the ex- 
aminer may employ for the examination a number of Other 
known methods, but probably unknown to our individual. It 
must not be forgotten here that it is generally easier to dis- 
oover faulte committed by otliers, than to avoid being gailtjy 
of them one's self; and one must be profoundly familiar 
with his borrowed part not to be guilty of inconsistenciea, 
With regard to feigning a oertaia kind of color- blindneas, 
we know by our experience, with regard to this, that it ia ft 
very difficult thing, and scarcely ever Bueceeda before au 
attentive and experienced examiner. All these circum- 
stances are advantageous for the examiner; but bis superi- 
ority is not limited to this. For if it should happeu — an 
estremely improbable thing — that a pretender were famil- 
iar with till the known tests and methods, and besidi^s had 
not less practice titan talent in executing t^em as accurately 
as tho color-blind, the examiner Las, nevertheless, the power 
of inventing, owing to bis special knowledge, now tests, and 
of varj-iug those already known. 

" When speaking of the examination of those already in 
Bervic«, and tho rules to govern us here, wo called attentioa 
to tfao necessity of acting with great caution in doubtful 
coses. The test for color-blindness should then be carried 
out by a competent specialist; but the details of the several 
methods he would use we purposely omitted. Still less do 
we think it well to give det^ls in reference to tho trial a~ 
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those simulating color-blindness. It n 
writer or professor has cause to with] 
knowledge of any special department ( 
case is, however, an exception ; for en 
but putting another weapon in the han^ 
and thereby contributing to diminish tk 
of the examining surgeon. In such cai 
but right to keep silence. It may even 
too much has not already been said. 1 
ever, proper to say what we have, in ord 
that it is very possible to expose a malii 
be color-blind. It would be very unfor 
ities had the slightest doubt on this 
probable that the facts we have givec 
another to give up the difficult r6le of a 

'< Of course such examination requi' 
and foresight, and must be thoroughly 
out before a decision is given. This is 
ests at stake. Although such a test s 
tiie hands of a thoroughly competent 
right that a decision involving so mu 
ment, perhaps) should not be left to a { 

" Besides the precaution, which mus 
condacting the examination in the pr( 
competent persons, there is an especial 
being certain of preventing all fraudu 
the accused in the usual manner ; that 
of two persons. These two witnesses 
blind of the same kind as that feigned 
these two individuals are first subject 
dependency of each other and the pse 
same trial as he, let the results be note 
then the whole three together ; and it t 
how the case stands with the suspec 
two color-blind will, in this manner, ^ 
timony without resting upon the discre 
This manner of proceeding must, ho we 
caution and discrimination, as the co 
color-blind of the same class is not 
every respect. The result must there 
to harmonize by the explanation of the 
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CHAPTEE XXn. 

METHOD OF DECIDINQ THE PRECISE AMOUNT OP 
COLOE-BLENDHESS BY HOLMGEEN'B CHROMA- 
TOSiaAilETER, OR COLOR-SENSE TESTER. — PKO- 
FBSSOB DONDERS'S BIETHOD OF DETERMINING 
QUANTITATIVELY COLOB-PEECEPTION. 

One of the additional methods of detecting 
color-blindness is of value for examincra to be 
acquainted with. It is based ou the true principle 
of comparison, no names of color being required 
of those examined. It also, like the method of 
Donders, enables us to express in figures the 
amoujit of the chromatic defect in each individual 
case. The apparatus is arranged to enable us to 
use colored shadows. It is not very expensive, 
and can be used by day or night. To further test 
railroad employes or others, after having decided 
on their color-blindness by Holmgren's worsteds, it 
will he, as I said, of great value to examiners, 
and also serve the purpose of physiological experi- 
mentcrs. It has the advantage of giving constant 
results independent of the examiner. These 
results can be readily understood by the laity, 
and the test applied before them. As Professor 
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Holmgren says, "the apparati 
in determining the absorpti'v 
colored glasses," &c. It must 
it is a means or method fo 
to employ. I will here give i 
scription of it. He has tested 
the many color-blind found oi 
elsewhere in Sweden. It is i 
book, and first appeared in a pj 
The following is from a conde 
German, given by Professor H 

" I would devote a special chapter 
conditions of colored shadows, and th€ 
by which they are produced. I have 
if not impossible, to get a shadow \ 
Without light the shadow in simultj 
color. 

" I hold here also, as always, thai 
detection of color-blindness must dep 
comparison of different colored light 
sense the colored shadows can be ust 
surfaces if they are produced by two 1 
to the same, by two from the same 
use the light of a single lamp, by lei 
through the colored glass to the obje 
and the screen on which the shadow 
portion of the light, by means of a n 
thrown upon the same object. We t 
on the screen of complementary col 
alone by the light through the colored 
by the light of the lamp reflected from 
rest of the surface of the screen is illun 
as we move the mirror to or from the 
the relative luminosity of the shadow 
such an apparatus, which I would call 
In the centre of the apparatus is a j 
round wick. The lamp is on a stand, f 
horizontal movable arms. On these a 
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Rpparatiw. The colored glass. thepenDil to cast the ahadow, 
nnd the screen of white porcelaini! on whioli the Bhadow is 
cast are arranged on one of these liorizontal anna at a flsed 
distance from the Qiime. On the other arm is the mirror 
wliich can be moved to or from the lamp. The arms are 
marked on the sides with a millimetre Bsale, Eupoosed to 
commence in the centre of the flame. Thus the distance of 
the several parts from the lamp can be read oS on the scale. 
"In employing the instrument, I hn^e used a red glass. 
l^'hich allowed only spectra! red to pass, and a green, which 
ptusi^d mostly the middle spectral green, but also some other 
light, — no red, however. In using the' instrument to detect 
color-blindness, wc must grade it by trial, aud dctcnniuo its 
constants for the glass used. We must, for this purpose, 
find for each glass the distance the mirror must he from the 
flame to cause the two shadows to appear alike to the nor- 
mal eye ; that is, of the same degree of brightness each of 
its oivn color. This distaiioQ of the mirror for my eye I 
fonnd, for the reri glass, to bo 40 centimeters ; for the i/rren, 
85 centimetres, — a difference of 5 centimetres. To find 
this position of the mirror is much easier with the color- 
blind than the normal-eyed, for the simple reason that 
for the former, when the shadows ore of llio same degree of 
brightness, they nro generally of the same color. The dis- 
tance of the mirror for him is quite different from that of 
the normal-ejed, and so characteristic as to detect him 
thereby. It is also very different in different cases. All 
the cases examined can be separated into two distinct series, 
corresponding to the two forms of color-blindness I have 
described; namely, red-blindness and green-bltndness. The 
distance of the mirror with red-blindness (the average of 
25 cases) was, — 

For the red glass =: 73.2 centimetres 

For the green glaes ^ 27.0 " 

Difference (R. G.) ;= 45.0 centimetres 
With green blindness (from an average of 33 cases rei 
the distance of 

The green glass was ^ 48.5 centimetres 
The red glass was = 28.7 " 



DiCere 



e (Gr. R.) = 10 8 centimetres 
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" Incomplete color-blindness maj 
by differences of the mirror's disfc 
norma] eye. For the very slight 
defect this method is not so good 
such forms of the trouble are apt to 
of knowledge or understanding in r 
the relative luminosity of the shade 

" In the original article the ei 
of various grades of color-blindn< 
method, as is seen, is based wholly 
parison. It is not, however, the co 
but that of the intensity of two ligh 
has this practical advantage, that 
very sensitive to differences of luir 
the right position of the mirror. T 
the advantage that it shows the cl 
lessened sensitiveness for a special 
the primary colors. 

" In the respective distances of th 
as read off from the scale, compared 
normal eye, we have in every case a 
reduced sensitiveness. Now, as the 
can be altered in position till th< 
shadows is alike to the eye of th 
intensity of the unaltered lamp-li^ 
serve to measure the intensity of 
shadow, which has passed through 
become more or less homogeneous, 
the scale is in the flame, greater nur 
mirror must correspond to lessenec 
the color of the glass. This quite j 
above given for red and green blind 
abnormal want of sensitiveness for 
green light. This agrees again wi 
theory, and also, as well, with the i 
the worsteds. The cases referred t 
the worsteds, and the diagnosis con 
with the chromatoskiameter. 

*' The characteristic confusion of < 
does not necessarily imply a great 
for any one of the primary colors. - 
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a disturbance of the colnr-aenBe in the individual ease, 
whereby the aensibility for one of the primai-y colors, inde- 
pendently of its real value, is reduced in comparison with 
aensibility of the other two. This explains a large number 
of the cases tested with this instrument. Hence it is of 
value to teat each cose with two complementary colored 
glosses. The difference between the distances of the mirror 
for each expresses the value of the defect to be ascertained. 

"The absolute distance of the mirror has of course only 
a relative value, does not immediately represent the intensity 
of the illumination of the shadow; that ia, the sensitiveness 
of the eye examined. This, hosvever, we can deduce from 
a formula 1 will here give. Taking the above figures as 
representing the average distance of the mirror, the sensi- 
tiveness of the normal eye (the intensity of the lamp being 

For the red light =0.115. 
For the green light = 0.137. 
The average sensitiveness of the red-blind ■^^m 

For red light ~ 0.048. ^| 

The average sensitiveness of the green-blind 

For green light = 0.088. 
Or, if we regard the normal color-sense as a measure for 
the sensitiveness. 

Normal color-sense = 1.00. 
Red-blindness = 0.42 (R.). 

Green-blindness = 0.64 (Gr.). 
By the value gained from the distance of the mirror, applied 
to normal color-sense, we may calculate the absorptive power 
of the gloss. The absorption by the gloss, expressed as loea 
of light, is thus: — 

For the red glass ^ 43.5 centimetres. 
For the green gloss =: 43.1 centimetres. 

" Thus, by using a larger number of suitable colored 
glasses, wo can study not only the normal chromatic sense, 
but also the various forms of oolor-blinduess. The princi- 
ple of the method does not, however, restrict us in practice 
to colored shadows ; but it may be extended to any colored 
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lights or surfaces. Therefore it woi 
same principle, to employ the spectral 
the color-sense «ind its defects. 

" I have here confined myself to tl 
principally because these experiments 
detection of color-blindness among 
Swedish railroads, where, of course, 
with the red and green only. These • 
least proved the existence of green-b 
pendent typical species, in accordan 
Helmholtz theory, hitherto but little 
This is directly opposed to the ide 
blindness are but one and the same tt 
blindness. 

" As to the practical use of this me\ 
as one of the category I have called ; 
in my original article have given the 
comparable with my worsted method ; 
which I still regard as the best of any 

Another method of quantitat 
of color-blindness was carried 
Bonders on the Holland railn 
been given in English, and I 
benefit of our examiners in th 
this one of Holmgren's, it is an i 

PROFESSOR DONDERS*S METHOD OF 
DETERMINING COLOR-PER« 

" Approaching slowly a small colore 
eye detects the color but little later 
shall not, however, seek long before : 
sees the color much later than he sees 
is based my method of examination. 

" For testing with reflected light, di 
are used, 1, 2, 5, or more millimetre; 
one is separately glued to a little pi( 
and, in like manner, pieces from the i 
signal-flags. These little pieces of vel 
disks on them, can with slight pressure 
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to a larger piece of velvet a metre square, fastened upon the 
wall, and on which one or more can thus be exhibited aa 

"Color-perception K is in the inTerse proportion to the 
amount of light; that is, eqnal to the square of the distance 
d, at vfhich the colors are rcco^iized, and inversely propor- 
tional to the square of the diameter i/i. Let D represent 
the distance at which the normal eye sees color, of m = 1 
(that is, disks of one raillimetre diameter), and we have 

"■ — Bl> Iji 

This formula gives for the normal eye K ;= 1, aud for every 
other eye K <1 1. 

" lu the formula of visual acutenesa V ^= ^, the distances 
aro simply i[ and D (not iP and D*), because the distinguish- 
ing- a printed letter is in proportion to the visual angle in 
all directions. Morfwver, in this formuliv D is regarded as 
ooDstout. Thb is because, in the varying light of an ordi- 
nary room, with fair light, the visual power is near its 
tnaiimuin. This does not hold in the same degree in refer- 
ence to distinguishing color. The lack of light is of course 
partly compensated for by the greater sensibility of the 
retina and tho wider pupil; but, with increasing daylight, 
the perception of most colors also increases very consider- 
ably. Therefore it is important fortlie examiner to deter- 
mine each time his own D, and take this into cousidemtion. 
In deciding the visual acuteness (form-perception), we take 
into account diminished illuminabioa when it materially 
reduces our own visual power. This is all the more neoes- 
lary with color-perception, since tho ss 
ba obtained exactly alike everywher 
Ufl not always recognized at the eau 
from use they lose their brightness. 
accept as a general law, that bright, saturated colore, o: 
milliinotro in diameter, wheu placed on black velvet in a 
good light, will be seen by an eye with normal visual acute- 
neas (ametropia being corrected) at a distancs of _five 

"This mt^thod suppose that tho examiner has normal 
Golor-ix-'iiSL', which is rt'iidily determiued by comparison with 
oUivra. It is also ui-ct^ssjiry that, before testing, both the 



colors are not to 
; and those obbunable 
3 distance. Moreover, 

We may, however, 
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examined and examiner should have 
a time with equal illumination. D 
duces all colors, but not all equally 
requires of all the colora the least ! 
when we pass from a darker to a ligh 
light, ou the other hand, when we g 
darker locality. 

"For transmitted light, the flame 
used, such as is employed in Engl 
candle power of gaslight. This is p 
ened wooden screen, in which is an 
diameter, covered with ground glass. 
a rotating metal disk is arranged, pi 
5, 10, and 20 mm. Just behind the 
is a rotating disk with holes, — one cl< 
ing red and green signal-lantern glasf 
which we can, by turning, bring in fr< 
screen. The candle is arranged to 
thereby giving us its distance from 
glass is one that passes mostly red i 
no others. The green is one which 
rays from yellow to bluish green, and 

" During the examination, daylig 
eluded from the room as to only rendc 
close to. We can then determine the 
for the normal eye for white and color 
D = 5 metres. At this distance D in 
the nearly constant value of 5 metres. 

" With the candle and the finely gr 
the white candle-light will give us 
red glass will give us A = 0.65 metre 
metres. In this test with transmitte 
taken to keep the opening in the dii 
The examination is otherwise condu( 
as with reflected light. K the exa 
then the degree of brightness for the 
the same in respect to A, and thoy < 
this difference in the brightness. Thi 
the value of a, when those who are ur 
alternately red or green. When usin^ 
and bringing the flame close to the g\t 
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persons who fail in recognizing the color if close to. In 
this nummcal J ct^riui nation to also decide Vhe recognition 
vlth stronger illumination, we need only make our formula 

T3r where a is the distance of the Same from tlie glass 
fonnd necessary, and A its normal distance. The power of 
color-perception will then be 






Toking v^= 



= L, it follows, as L is foond by 



observation, that the power of color-sense K =: L'. It is 
more practical to hold to L, and, in general, to remember 

L := /K. With reflected light -^ is eliminated, and, with 
transmitted light generally, a ^ A ; so that, as a rule, ws 

1 d 
may confine ourselves to the formula L ^ ~ ' n< °^^> ^ ^° 

d 

nae the one millimetre opening, to the formula L ^ k. 

" It is interesting to observe how Uie examined gradually 
passes from doubt to certainty. We show him n single teat 
at five metres' distance. He sees the little disk, but not its 
color. A step nearer, and be ventni'es to call it "red." 
Another step, and he doubtfully says, " No. green," Finally, 
he saya "red " again, and at last decides more positively for 
this color. Just where lie became certain is readily deter- 
mined. Or we put a number of the disks of varying diame- 
ters toother oil the largo piece of velvet, and, pointing to 
each with a stick, ask its color quickly. With partial color- 
iense it readily appears how, in approaching, first the larger 
disks, and then Uie Hmaller, are rightly named ; whilst with 
less color-perception only the larger are told close to, and 
where there is complete absence the color of even these is 
not recognized. We may tlius dctrrmine the numerical 
degree of color-blinJiieas with sufficient ikccuraey. 

"The disk must not bo steadilygazcd at. The examined 
must turn his eyes aside, and step nearer, at once giving the 
name of the color pointed out. If the answer b not imme- 
diali', Ihcii again a step, with the eye removed from the 
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object, and the question repeated. I 
complementary color may be called up 
cision rendered difficult." 

In a letter to me of Feb. 2i 
Donders says, — 

" I think I may have given too brief 
method. Dr. Daae did not understan( 
preliminary, but only the secondary, c 
transmitted light was used, and whe 
colors had already been proved imi 
says, that, continuing to fix the eye on 
ary image of complementary color is 
that I expressly said that I allow onl; 
for giving the name of the color. Othc 
difference of the daylight, and forget 
every observation is to be made at tl: 
examined and the examiner, the latl 
distance (indicated at the point where 1 
foot) he distinguishes the color ; and, if 
then it is to be put in the formula as f( 
ever distance it is found. The determi 
is not thereby rendered longer or more • 

I considered it proper to introdi 
Donders's replies to the critieis 
method, since, as we see, they an 
derstanding, or neglect of his <i] 
ducting this quite practical test 
carried out on the Holland roid 
merly described. I also give th 
tion of the test, as it is the one rec 
at present by the five ophthglm 
authorized to examine candidates 
vice in Holland. 
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CHAPTER XXIII. 



LAWS OP CONTBOL OP CO LOR- BLIND NESS NOW 
IN FORCE IN EOHOPE. — LEGISLATIVE ACTION 
OF THE STATE OP MAS8ACHOSETTS. 

Hebe in the United States, either the several 
State legislatures, the State railroad connDission- 
era, or the individual railroad corporations, will be 
sooner or later called upon by the community to 
establish and carry out some regulatitms control- 
ling color-blindness among the empIoy6s: there- 
fore it becomes of considerable importance for all 
parties interested to know how thia control has 
been effected in Europe, and the precise manner of 
conducting the test. In order to answer this, I 
have corresponded with many surgeons in Europe, 
and, through their instrumentality, am able to here 
give the at present provisional laws in reference 
to most of the European states. 

The European governmenta have not stopped to 
irame laws, but immediately carried out the exam- 
inations, and are subsequently considering the pre- 
cise regulations for tlie future, &c. It will be also 
seen that the governments have provided for the 
elimination of all color-blind from their own rail- 
roads and navies. The private companies, where 
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independent of their govemm 
its action. In what I have to s 
&c., there is much of vital im 
the United States about to com 
I would call the especial atten 
to the prudent and practical ad 
Government, in comparison wit 
man states, in putting at the h 
one who was as competent to cc 
to originate the method of testi 
Professor Holmgren kindly 
foUowing in reference to Swede: 

CIRCULAR OF THE ROYAL SWEDISH ] 

TO THE SUPERINTENI] 

To the Superintendents. 

The royal directory would hereby 
the respective district-surgeons to th< 
power to distinguish the several pri: 
entrance to railroad service : therei 
service must be tested for any such lac 

As it is of importance to be assured 
in service can distinguish correctly 1 
nals, the chiefs of sections, by means t 
lanterns, or other means they may find 
ascertain if those under them are incc 
these colors. The results of such exj 
reported to the directory, and any su| 
to dismissals which may seem necessar 

Surgical assistance will not be nee 
named trial. 



Stockholm, Sept. 16, 1876. 



Professor Holmgren writes me 

" Having called the directory's atten: 
these rules in reference to those alread 
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luScicnt, but that a thorou^li eiamiaation by the railroad- 
BUi^eoDa should be made, for which tho surgeona mual learn 
my method, the following circular was issued : — 



To ike Superintendents of all the Districts, 

The directory hereby orders a surgeoQ from each district, 
next Tuesday the S4th at 13 m., to meet Professor Holmgren 
in Upsala, to there learn from him bia method of testing for 
color-blindness among the employes. Any other of the sur- 
geona of the district may also attend the professor at this 
time for the same purfwse. 

A pass is to be issued both to those surgeons who are 
sent td this meeting, and to those who desire to attend, in 
accordance with the seventh clause of the travelling regola- 

C. O. Troilidh. 

C. LlMNELL. 
Stockqouc, Oct. IS, 1S79. 

To the Superinlendenls. 

Since, in accordance with the directions of Sept. 10, 1876, 
a number of the railroad-surgeons have learned from Pro- 
fessor Holmgren his method of examination for color-blind- 
ness, the directory hereby prescribes. 

That this esaminatiou shall be gradually carried ont 
BtnoDg the lailroad personnel by the surgeons, in accordance 
with Professor Holmgren's method. 

That the surgeoos who may not have already learned 
this method shall instruct themselves, either directly from 
Professor Holmgren himself in Upsala, or through tliose 
who attended his lecture on this subject. 

That they report to the directory the result of their ex- 
aminations, together with such suggestions as were required 
by the circular of Sept. 10 ; and, when eolor-bliud are found 
in posilious where the ilistinguishing the colors is important, 
they are to immediately make tho necessary reports and re- 
marks which the circumstances require, without waiting the 
termination of the tests. 

C. O. Titoiuos. 

C. LiUNELL. 
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The directions of the supe 
surgeons were as follows, for ai 

To RailroadrSurfieon Professor C B. Mi 

The following from the di 'ectioni 
directory is communicated foi your ii 
ment : — 

That the railroad-surgeors are tc 
color-blindness by Professor tlolmgre 

That those surgeons wh(» may nt 
this method are to at once inform t 
Professor Holmgren in Upjala, or i 
geons who have heard his e cplanatioi 
subject. 

That a report of these examinati 
soon as possible. 

In reference to the personnel of 
now employed, all station-masters ha 
you lists of the whole personnel under 
record in the proper colunms such ren 
tion calls for. 

( 

Stockholm, Superintendent's Office 

of the Fifth Traffic District, Nov. 13, 1876. 

" This is all official which relates to 
however, seen that all necessary is prac 
1st, Those entering the service must 
blindness, and all showing the slight 
ception refused. 2d, All those now 
tried, and the color-blind either disr 
given employment where the recogn: 
signals is not necessary. I have acted 
and tested over again all those who we: 
the railroad-surgeons. 

" You will thus see we have been v( 
out first making any laws, we carried ( 
simpl}' under my personal supervision 
head of the control of color-blindness 
have gained a thorough practical expe 
year establish laws to govern the railrof 
(In letter of January, 1879, of Professo 
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The Swedish navy and mercantile marine have 
not been neglected ; and I will here give a tran- 
script from the laws in reference to the former, as 
prepared by Professor Holmgren. In reference to 
the mercantile marine. Professor Holmgren writes 
me of date March 5, 1879: "I have been unable 
83 yet to forward you the laws concerning the con 
trol of color-blindness in the merchant marine. 
The government has not yet given its sanction. 
They are thorougli, definite, and strict," It must 
be remembered that all these laws of Sweden and 
the other European countries, as here given, must 
be considered as only provisional, and to simply 
serve the present purpose of immediately carrying 
out the test and the control of color-blindness. 



lat, Upon his majesty's reconuneiidatiDti, iha sect. 54 of 
the laws of the Kaval School require that every cadet must, 
besides other qualifications, possess normal power of vision, 
together with normal color-sensation. 

{Remark. — This is already so far carried oot, that every 
cadet, on entering, is tested as to his color-perception. — F. 
IIoLUORKN. Januiuy, 1870.] 

2d, 111 the general orders to the pilot directory it is re- 
quired, "That all ill tiio pilot-service, ordinary and extra 
officials, sliall, as soon as may be determined by the pilot 
directory, bo examined, to find if tliey have uormat color- 
perception. Those who Jo not have tlie power of diatin- 
guiahJng the colors are to be iioled in the list by the pilot 
directory. After tbeexaminalion ilie number of color-blind 
in each district is to be recorded, and sent in to the chief ol 
llie marine departlneut, accompanied by such aug-geslioUM 
for action ns may be considered necessary." 

Given at the Palace, Stockholm, Nov. 18, 187G, by im- 
perial order. Fni^KiKn F. W. vo-v Oti«b, 
Marine Minaler. 
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^Remark, — These examinations 
ried out, and the results sent in t 
January, 1879.] 

8d, The Regulations of the Imperial 

June 1, 1877, Sect. 

Every applicant to enter the navig 
school must bring a physician's certi 
of his color-perception. A fault in ( 
prevent the reception of the candidal 

[^Remark, — This last must be sc 
tered. — F. Holmgren.] 

4th, Royal Orders to the Chief of th 

the Imperial Mari 

1st, That all the personnel of tl 
training-ship shall, at the next gener 
geon's examination as to their po^ 
Those who fail shall be duly recorded 
and a notice of the number of color-1 
be reported by the mustering-officer 
rine department. 

2d, That all the men of the Impei 
boys of the navy, who have not been e: 
with the 1st regulation, shall be tes 
the Regulations of the Marine, 3d part 
cal supervision. The company repoi 
tion was before the man went on boan 
when this test was after he was on bo 
the same, to be reported in the former c 
tary head, who will report to the chief 
meut; in the latter case, the commande 
rules under Rule I., here given. 

3d, The special directions in referei 
amination, in accepting the recruit, wiL 

Given at the Palace at Stockholm, 1 

Freihe 
H. P. L 

{Remark. — The examinations ordere 
ago carried out, and the results handec 
ence to No. 3, a committee of militi 
connection with the other regulations oJ 
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ttnuanoe, for both the anuy and navy, fornmlftted tlie rules 
to be followed under No. 3. This has been since published, 
and is now only awaiting royal aanction. It is aa followa. — 
F. OoLMGR EH, January, 1870.] 

Bth. — Ul Part, Seel. 7. 
The na^al service calls for no especial bodily condition 
other than the physical condition required in tie line, ex- 
cept the addition of assured nonna! color-perception. ( Vide 
the Addendum.) 

Addendum. — Special Examinalion, Sect. 10. 

In reference to normal color-sense, ears is to be taken 
that no one is admitted iuto the naVal service whom the 
examination proves to be in any degree red-biind, green- 
blind, or partially' color-blind. 

The test for color-perception is to be carried out by Pro- 
fessor Holmgren's method, by which partial color-blindness 
is determined from the confusion ot the light green, or first 
' sample, with gray, brownish gray, yellowish green, pale red, 
or pale grayish purple (1, 2, 3, 4, or 5). 

Red-blindness is determined by coufusing, with the pur- 
ple (II.), blue and violet {6 loiii 7) \ green-blindnesa, by 
confusing, with the purple, green and gray (8 and D). Com- 
pare " Color-Btindnesa in its Relations to Railroads and the 
Marine," by Fritliiof Holmgren. 

Sect. 21. For these examinations, the following appa- 
ratus. Sec., is necessary, enclosed in a bos ; viz., a copy of 
the above-mentioned book, and a collection of the worsteds. 

The following are iu general the regulations of 
the Norwegian Government of date May 7, 1877 : — 

Ist, By order of the civi! department, all rail- 
road emp]oy(!s are examined by Professor Holm- 
gren's metliod. 

2d, By order of the navy department, the pnpils 
iu the navy-oflBcers' school are to be tested for color- 
blindness, as also all enrolled in permanent service. 

3d, It Li DOW under advisement to require pilots 
to 1)0 tested for color-blindness ; but reyulationa 
are not yet arranged and carried out. 
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Several private Swedish st 
have ordered examinations of 

Through the efforts of Dr. I 
of the French Transatlantic S 
are subjected to a test for cc 
British Cunard Steamship Cc 
surgeons of the ships to test 
blindness. Colored glass is 
special method is left to the 
oflBcer. If, as has been lately i 
men are subjected only to this 
glass or colored lanterns, we i 
has been shown and proved, ( 
has been no test as to the true 
personnel. Asking the names ( 
ored lights, &c., will not tell us 
son examined sees these light 
companies, therefore, when the 
done all necessary to protect t" 
erty intrusted to them, may th 
perfect method of testing, be sin 
their crews men whose chroma 
dangerous, and who could not o 
when a perfect test was applied. 

The instructions as to the ei 
sons seeking employment in the 
service are, — 

I. As to the physical capacity 
their visual power is to be test 
color-perception ; the result to b« 
report. 

II. The test for color-blindm 
ducted with the accompanying 
the applicant is to sort by colo: 
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Only those vrhn can distinguish the differencea of 
color are to be recorded aa free from color-blind- 
ness. All other cases are to be noted with the 
remark, for example, — " Disitinguishes red (or 
green) with difficulty." 

The sanitary inapee tor-general of the railways 
of Northern Italy replies, — 

■' In answer to yonr queation on color-blinilwss, my reply 
is, tliat althouRh no printed regulation formed by the 
admin istration for our railways esiBta, whicli excludes color- 
blind men from Iteing taken into the service, that contin- 
gency is guarded against by instructions given to the sani- 
tary inspectors of the company, commissioned to examine 
the candidates for employment on the railways, which are 
to this effect : that, as to the visual faculty, they be able 
clearly to distinguish the different colors, both by natural 
and the artificial light of the lamp used on the trains and in 
dignal-boxes, at the Tnaximum distance of .normal eyesight. 
These instructions have been, since the last few years, very 
strictly adhered to in the employment of new engine-drivers, 
stokers, and signal-men, — in fact, of all who have part of the 
great responsibility of the safety of the trains. Owing to 
this, and to the fact, that, when the least doubt arises as 
to the perfect state of the eyesight of one of our employes 
(due to age or sickness), he is at once subjected to a medi- 
cal ez&mination, wo have as yet had to lament no accident 
on any of the lines under our direction which could in any 
way be attributed to color-blindness." 

The minister of public works of Belgium pro- 
posed the following questions to the Koyal Acad- 
emy: — 

1st, Is color-blindness a congenital defect ? and 
can it be acquired ? In the latter case the adroin- 
istration would yrriodically test its agents. 

2d, What ia a practical and efiSeient method of 
determining whether an euiploytJ &Us iu chromatic 
sense? 



260 COLOR-BLINDNl 

The committee of the aeader 

" They are convinced that color-bl 
a severe disease, contusions or wound 
of tobacco and of alcohol. A perio< 
active personnel is therefore advise 
tion of those suspected of color-bl in( 
making them sort, according to their 
chosen especially for this purpose. G 
in such a choice as this, and arr: 
matches. It is the method carried < 
gren. ... A change or modificatio 
used has been proposed; but Profesi 
answered how impracticable this wou 

I have noticed elsewhere (p. 1 
of this committee as to attach] 
&c., to the engines, to assist co 
or stokers. 

Dr. Favre states that the exa 
perception has been in force on 
since 1858. In March, 1870, th 
questions were put to the surgec 

1st, How many candidates ha 
and in how many years ? 

2d, Since when have you test 
colors ? 

3d, How many color-blind ha 

4th, What form of color-bl 
found most frequent ? 

6th, Have you observed color 
cident or injury ? How often ? 
last ? What were the circumsta 

6th, Have you written on the 
blindness, congenital or traumat: 

The reports and statistics thu^ 
elsewhere included. In 1876 ] 
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the Dombea et Siid-Eat and the Midi roads aa car- 
rying out this test. 

In 1877 the director-general of the Holland rail- 
TOads called upon Professor Bonders of Utrecht 
to carry out the examination of the employes for 
color-blindness. This was done, and the results 
I have already given. Professor Donders drew 
up the instructions for the guidance of the twelve 
surgeons deputed to carry out the details of the 
first examination, and a final official report was 
sent in to the director-general, 

I have received from Professor Donders the 
printed blank required hereafter to be filled out 
in the case of every railroad employ^. Every 
candidate for service must pass au examination 
by one of five ophthalmic surgeons in Amsterdam, 
Rotterdam, Anlieim, Utrecht, and Leyden. These 
surgeons' names and hours for examinations are 
printed on the back of the blank, the face of 
which reads as follows : — 

Nethbrlahds Railhoad Comfant. — The undersigned 
states Hat the sight of ia sufBcienl (a) for the employ- 
ment ot engineer or fireman ; (b) for the employment of 
staUon-master or those who may fill his place, assistants, 
baltmaster, director, first conductor, conductor, porter, Lrake- 
nian, switchman, ranker, bridgekecper, linekeeper, or line- 
keepereai. 

The OpnTHALMic Suroboh. 

The 187 . 

(Signature of the examined to be given in the presence 
of the surgeon.) 

K.B. — In case the caudidate desires employment under 
a, £ 13 to be stricken out, and tlie reverse. 

There is n-quired. for o, eyes and eyelids healthy exter- 
nally, without habitual congestion or inflammation ; field of 
vision, not limited in either eye; aouteness of vision, nor- 
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I vrixB connected with the 
muttiT was Acmpulously atteiM 
un<l:T lh(i ]>res('nt able manaj 
of — ten years ago — no pop 
work in a goods-shed, would b 
l>ointinent by the board utitil I 
8ubject<'d to certain prescribe* 
discrimination of colors, espe 
signals/* 

Other testimony was 
" The Lancet," &c., that 
tested on several diflfen 
Pemberton of Birminghf 
erpool, Mr. Page of Carl 
Aldin. In the medical 
was shown that the tests 
blindness were very fault 
In consequence of the i 
only the color-name of ol 
the surgeons were deceive 
blindness was not as freq 
had shown it to be. Th 
the time of the Arlsey a 
fortunately quieted. No 
the necessity of a unifon 
applied to employes than 
of the Arlsey accident. 

Dr. D. Argyll Roberts 
writes me of date March 

" I trust that the followmg 
through the surgeons to the ] 
and the Caledonian (Dr. John 
may be of service to you. I e 
two chief railway companies i 
possessing 930 miles of raih 
miles. 
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"NoBTH-BniTisu Railway. — Since about 1803 or 1866, 
when Dr. DiiDsmure directed the attention of the manager of 
the company to the aubjeot, botli engine^rivere and Htokers 
are invariably esamineU as to color-perception before being 
engaged. The men are tested by means of a board with 
leu different colors upon it, Tiiree men have been rejected 
on account of color-blindness since examinations were in- 
stituted. 

" Caledonian Railway Compaxy. — Before any one 
is employed as signal-man or guard, he is first examined by 
a doctor, and especially as U) Itis sight, and power of dis- 
tinguishing colors. Only about one in a year is rejected on 
account of color-blindness. 

■'All engine-drivers are to.''ted as regards perception of 
color when they are passed from 'firing' to 'driving,' and 
no case of color-blindness has yet been met with. This, 
however, is probably due to the circumstance that tlie men 
are aware that they arc to be tested, and do not persevere 
as stokers if they considered they were not competent to 
pass as drivers. . . . There is no legislation here enforcing 
such examinations." 

Abundant proof has been given in this volume 
of the inadequacy of such tests as are thus shown 
to be at present used on these Scotch roads, as 
well as on tlie various English roads, from the 
evidence of the sui^eons connected with them, 
No wonder so few color-blind are detected. A 
simple act of Parliiiment enforcing uaiversiilly 
such a test as Holmgren's or Donders's would 
insure safety, as the medical officers of the roads 
are perfectly competent to properly carry out such 
examinations. 
" Onltr of the Uandelmmuleriiim of Prussia, March. 1877, 

pMaheil in the Official Paper <if Ike Government of the 

Inftrior, 1877. 

" In consequence of the frequent occurrence of cases of 
Kxall«d color-blindness, and the great dangers which may 
krise from the same on the railroads, it is recom mended, — 
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noss must 1)C corrected, and gn 
can only be done by one and the s 
on all our roads. Hence it will b€ 
methods is most practical, and 
ployment as to be naturally cj 
the safety of the public commu 
this very important question will 
analysis of the several methods o 

ft 

tion of 5,48G persons I have very ; 
very iK)int, and, from my experien 
of lYofessor Holmgren of Upsal 
most exact results in testing lai 
perior to the other present meth 
and convenience of use, as to i 
best. In such an important quesi 
observer should not, of course, b 
experience also heard and consi 
shall find similar favorable opini( 
from those who have used it. T 
in his criticism of the several m 
Holmgren's to be the best. We he 
Pfluger in Berne, and from Dr. Jefi 
is so convinced of the superioril 
that he writes me of date Sept. 
follows : ' ;My own experience tea< 
Holmgren's method over all othe 
ordered by your Kaiser throughoul 
" In interest, therefore, of the sa 
feel called upon to require the foil 
color-blindness now obligatory on i 
should be the same and identica. 
and carried out in the same way on 
Holmgren's method, being the mosi 
abl, should be alone employed for t 

The value and truth of 
criticism of Dr. Magnus can 
showing what has been clone 
German roads. This I am e 
lecture given by Dr. E. Gini 
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of the Leraberg-Czernowitz-Jaasy road at Vienna, 
April 2, 1878, before the society o£ Austrian rail- 
road ofEciak. After an introductory sketch of 
color-perception, &c., and some of the methods 
of testing for color-blindness, he says, "It will 
thus be seen, that, for the examinatiou of the em- 
ployes in general, any of the methods may be used. 
S til ling's or Holmgren's tables, or the colored 
charts, or Waldstein's apparatus, are quite suffi- 
cient ; but, to decide the doubtful cases or the indi- 
vidual colors, only the spectroscopic apparatus of 
Schmidt and Hausch in Berlin can be employed 
with certainty, as I have personally proved in the 
testing of a very large number ot persons." He 
gathered the reports from forty-six railroads, on 
which 41,444 employ<i8 were tested, and 319 color- 
blind found, — a percentage of 0,769. I here give 
these reports : — 
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Contrasting these resuli 
a thorough test gave ns 
Switzerland 6.28, in Swec 
hind 14.01, and we can 
force of Dr. Magnus's crit 
above, that but here and th 
employes have been dete 
roads. 

I have also given this Ic 
aminations, collected by D 
to our railroad corporation 
to the examiners they si 
The several German railroat 
oflBcially directed to employ 
and unfortunately hearing 
about in a tone of doubt, 
methods they individually 
some of the German phys 
especial attention to this s 
tested some thousands of pi 
ness by Holmgren's metho 
plied it, in absolute contra( 
and very explicit directioi 
whether a person is color-blii 
a peculiar shade of green wo 
examined directed to pick oi 
lighter or darker. A purpl 
used to decide whether a p< 
blind. This latter is not t< 
color-blindness, but only whi( 
we have. Nevertheless Dr. 
reporting his results to the H( 
logical Society, 1878, says, '* . 
the quickest method of fin 
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blindness, I must again and again recommend the 
purple worsted. It has served perfectly." He also 
speaks of the colored plate attached to Holm- 
gren's book, and copied in this volume, as being 
as bad to detect color-bUndneas with as the pur- 
ple worsted is good. Now, this plate is only in- 
tended, and so most definitely described, to illus- 
trate the colors to be used, and the colors of 
Goufusioii or mistakes of the defective. This 
ignoring Holmgren's explicit directions as to the 
carrying out of the test with the green worsted, 
and then speaking of the colored plate as if that 
had been proposed to be used by Holmgren, was 
most unfortunate and misleading. It has naturally 
led others to follow him without reading Professor 
Holmgren's book. Dr. Cohn tried Stilling's, as 
alao other methods, but found, as every examiner 
will, Holmgren's the most convenient and prac- 
tical. 

Thus the reports I have quoted of the German 
roads show most conclusively that from a faulty 
method of testing only here and there, so to 
speak, have the color-blind employ (Ss been de- 
tected. This is very unfortimate, as it throws, for 
the time being, a certain doubt over the whole 
question of the frequency of color-blindness, its 
danger, the necessity for control, and the elimina- 
tion of the defective. Moreover, tlie entire work 
in Germany will bavo to be done over again. 
Probably, fi-ora what I lately learn, the correct 
tests are now being officially ordered, and carried 
out. Thanks to the energy of Professor Holm- 
gren in Sweden, the affair was there better cou- 
ducted. The government first ordered the nse 
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of the flags and lanterns b} 
to test for color-blindness; 
showed them the uselessness 
his test, and also required 
gcous to learn it of him, and 

From a lecture on color-bli 
Reuss of Vienna, and a lettc 
1879, I am able to still furl 
criticisms I have made or int 
to the examinations of the G 

The Austrian Handelminis 
18, 1876, that " persons who ( 
the signals on account of neai 
blindness were not to be ad 
vice." This led to the carryi 
nations as above given with 
results. Dr. von Reuss says, • 

" AVhy these differ so greatly fro: 
by ophthalmic surgeons was readilj 
reports sent in to Dr. Gintl, and "v^ 
me to see, from which reports the 
collected. In these reports are mi 
blue-black-blind, green-blue-blind, 
low-red-blind, &c., and this where S 
been used, which might have given 
This is a proof that the examiners c 
were about. The majority of the i 
fore useless." 

In this lecture Dr. von R< 
693 employes, and finding 3.2 
In his letter to me of March 1 
have tested 600 employes of 
bahn, and found 3.5 per ceu 
employed Professor Bonders 
worsteds. 
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The unsatiijfactory results of tljc examinations 
by the several railroad-surgeons, due to a want of 
knowledge and the lack of a uniform and certain 
test, led to the following order from the Handel- 
ministerium : — 



FKSBOR HOLMCBEN 8 
NESS. 

My frequent attention baring been called to the work of 
Professor Holmgren, " De la Cecitd,'' &o., I have obtained 
profesaional opinions as to the method of testing color-blind- 
nesa proposed in it, showing it to be practical and very sim- 
ple, and perfectly answering the requirements. The msthod 
consists in causing the examiued to select from a number of 
skeina of colored worsteds all those corresponding to a pat- 
tern shown him. The eiaminer decides from the manner in 
which thb is done. A nornuU-eyed will select four or five 
skeins in a, minute, and the color-blind will as quickly make 
such characteristic miatakes as to render the immediate 
diagnosis possible. In doubtful cases, and where deception 
is supposed, a more thorough teat must be applied, with, for 
instance, a, spectrum apparatus. 

Ab experience has shown that color-blindness, boaides 
being congenital, may he acquired, safety requires that not 
only should those entering service be tested as to their per- 
ception of the three primary colora, — red, green, and violet, 
— but that the teat should be repeated periodically, and 
eapecialiy after diseases, and contusions of the head. 

I desire to call the attention of the corporations to the 
book above mentioned, and would oak their consideration of 
the suggestions here briefly made, since, from the necessary 
apparatus, the examinations of employds has hitherto been 
expensive aud inconvenient; and this method therein pro- 
posed greatly simplifies and facilitates the testing for color- 
blindness. 

K.-K. Uandtlminisler Culdmetzky. 

Vhnka, Oct. U, 1BTS. 

Jan. 8, 1879, in the House of Repiesentatives 
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of the legislature of Massachn 
A. Hill of Boston introduced 
following order : — 

<* That the Committee on Railroa 
and (if any) what legislation is neces 
employment by railroad companies, 
positions, of persons affected with co! 

This order was passed by th( 
lie hearing given as follows : — 

COMMONWEALTH OP MA£ 

OomUTTEB ON RAIIJ» 

Stats Hone 
The Committee on Railroads will 
ties interested in an order relative to ] 
to the employment by railroad corpc 
sponsible positions, of persc&is afflictec 
at room No. 10, State Honse, on Wedi 
o'clock A.M. 

Ei 

By invitation of the Committ 
appeared at this hearing, and arj 
the conclusions contained in i 
statements were supported by E 
and my own collected in this c 
periments in reference to cole 
exhibition of various tests, &c., ai 
illustration of the value of Pro! 
method in detecting the chroma! 
al color-blind who were prese 
There was no opposition to my s 
elusions. 

As the result of this hearing, t 
tee on Railroads reported, Feb. 
Senate, the following resolve : — 
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" That Oil! board of railroad commiaBioners be instructed 
to eonaider whether any legislation is expedient or needful 
with reference to the employment by railroad corporations 
of persona afflicted with color-blindneas." 

This was passed in tlie House of Representa- 
tives March 21, 1879, and in the Senate March 24, 
1879; receiving the signature of the governor 
March 25, 1879. 

It is thus seen that Massachusetts has been the 
first State to take action in reference to the con- 
trol of color-blindness on the railroads. She pos- 
aesses, of course, no authority on the water. There 
the General Government must act in concert with 
other nations. It is now in the hands of the Mas- 
sachusetts railroad commissioners to carry for- 
ward the work of iuvestigatiou, and report here- 
after to the legislature. If they can induce the 
several railroad corporations to meet the just 
deman<l3 of the community, and eliminate the 
color-blind from their employ, then a law, subse- 
quently enacted, can be based upon the result of 
the examinations, and made to meet all require- 
ments of the future. This law of control should 
also, as in Europe, require the proof by test, of 
normal visual power for form, as well as normal 
color-sense. 

It is to be hoped that the other States will 
quickly follow the action of Massachusetts. The 
advantages of a uniform law throughout the 
country, and a uniform and absolutely certain 
system of testing for color-blinduess, I need not 
dwell upon here, since it is self-evident fi'om "" 
I have brought forward in this volume. 
DO excuse for such blunders s 
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in Europe, now that we have the 
in this country. 

I have spoken of my action ai 
order that my professional brethre 
may see how my efforts were 8U0 
out, and he able to refer to them i 
undertaking similar work in thei] 
ties. 



[ 



CHAPTER XXIV. 

rEBSONAL EXPEEIENOE WITH HOLMQEEN's METH- 
OD. — BtrGQESTIONS AS TO ITS USE. 

The experience which I have gained in the use 
of HoltDgren's method of detecting color-blindness 
by the worsteds is, I think, worth here recording 
for the benefit of my brother ophthalmic surgeons, 
whom the railroads may hereafter ask to test the 
waploy6s of their roads. First, as to the choice of 
the worsteds themselves, since a good deal depends 
on this: Proper colors can be obtained directly 
from Fraulein Letty Oldberg, in Upsala, Sweden, 
for about 5 crowns 63 pfennigs. Such a selection 
iras sent me by Professor Holmgren ; and similar 
jnes I have made here, and used in my testing. 
The colors of the green and purple tost in the col- 
»e<l plate in (he Hwedish, French, and German 
iitions ■■" '' ■'' ■■' T' ' Mii'.s book, are j 
lot 111 iiiyleaii any om 

ill ; I' reproducing i 

niM-i ■ '■ -nd rcndei 

Tol... .IS« 

impli! j ' 
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of Holmgren's dkectioas and ' 
in this volume. They may at Ci 
lix; but experience will soon 
his minute directions are, whit 
studied, iriU relieve many a di 
many a seeming discrepancy in 
old or young. When thoronghl 
retically, it will be found quite i 
adapted to test even very you 
as, for instance, primary-school < 
advise first commencing with ed 
afterwards testing in the schoc 
is more at hand and more mon^ 
moreover, meet in the schools of 
just the sort of stupidity and la 
which we are likely to meet a 
railroad employes, sailors, and 
It is a ciuious fact, which, I tl 
large numbers will sooner or L 
dulness of comprehension and t 
tion will almost invariably simult 
Mauy a teaclier in our schools hai 
prbed that I have not marked at 
who seemed to them to do about 
color-blind, but who had thrown 
tern a single worsted, which qui 
I had to deal with stupidity, an 
defect. It has been often v«ry 
the story the worsteds picked ou 
atory was dictated by mental dul 
efa generally found that I select 
:bolars as such. 

There is besides this a dulnesi 
ipt or rather a peculiar slowni 
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I found color-blind by other metl 
gren's. My own experience, h< 
reports from Europe of the gei 
work in this investigation, con 
belief, that, whatever additional 
employ, I should not probably ch 
of the individual case of color-bli 
purposes I have had in view, m; 
better spent in continued work 
than in stopping to test over aga 
methods, persons so young as schc 
eight to seventeen years of age. ] 
to accomplish more in testing the i 
For a time I worked under a 
reference to classifying the red a 
because my purple worsted was n< 
owing to the color having faded 
Holmgren's book, and thereby dec 
I supplemented this weak point in 
having a red and a green worsted 
possible the same degree of luminc 
the color-blind which was the da 
cision I generally found very qui 
adhered to. I also asked them 
black worsteds, and found they w 
dark greens or dark reds, accordii 
green or red blind. Since I have 
shade of purple, this has not of co 
sary. I have, however, frequentl 
after deciding by the purple, in o: 
accurate my previous division into 
probably was. I have decided I 
far from right, and therefore 1 
records as I made them. I did nc 
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tables till I had finished, and consequently did not 
know what the relative proportion of red and 
green blindness was during the time I was testing. 
I have followed Holmgren in malting three di- 
visions, — complete red and green blindness, and 
partial color-blindness. My tliree cases of violet 
blindness I have allowed to stand under partial 
color-blindness. These I have found the test 
readily showed. As color-blindness exists in all 
degrees, so to speak, it would of course be possi- 
ble, by careful special examination of each case, to 
express its particular degree ; as by Dondera'a meth- 
od or by Holmgren's color-sense tester. The per- 
centage of color-blindness, each examiner finds, will 
be modified by where he draws the line ; that is, 
how feeble must the chromatic sense be to come 
ponder the head of partial color-blindness, and also 
what shall be regarded as feeble chromatic sense, 
and what only dulness of perception. The greater 
our experience, however, the more carefully can 
we decide these points. Holmgren's method with 
a pretty large number of worsteds has seemed to 
me to be particularly well adapted for this pur- 
pose. I have kept to the original plan of having 
a large number of green worsteds, finding that for 
my purposes it worked best ; and I was willing to 
give the extra time, in consideration of the psy- 
chological study it afforded me. Professor Holm- 
gren has spoken of this. I am not certain that 
with young people it is not best, since as much 
time is wasted by their searching for the three or 
four greens in Holmgren's modified method, as in 
throwing out all or a decisive number of the 
greens when ihfcre are many of them. I think, 
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also, it gives the examiner a 
watch the play of the hands, fro 
can be deduced. 

It may not be amiss if I say ] 
dred and fifty skeins of worste< 
wrapped in a piece of white cotto 
be spread over a table or other sui 
colors show well in contrast. T\ 
being gathered, or large numbei 
with the smallest loss of time, ti 
trouble, and thereby add to the 
amined. Even amongst the yoi 
and several hundred were just : 
schools, — I have not failed to 
and show to the teachers, color-1 
existed. It is useless, I think, to 
of my European friends who sti 
always detect a lack of chroma! 
ling's tables or other method. Tl 
lieve, will become steadily less wl 
of Holmgren's test in earnest, ai 
directed by him; as has, for instan 
Magnus of Breslau. My experiei 
advise my ophthalmic brethren, o 
who will be called upon to carr 
have commenced in this country, 
with other methods, but to fu] 
familiarize themselves first theoret 
gren's test, and then practically ( 
adults. 
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CHAPTER XXV. 

CONCLUSIONS AND KECAPITDIATION. 

One male in twenty-five is color-blind in a greater 
or less degree. 

Of this defect they may even themselves be 
wholly unconscious. 

This blindness is red, green, or violet blindness. 
Total eolor-blindnesa also occurs. 

This defect is congenital. It exists in varying 
degrees.- It is largely hereditary. It may also be 
temporarily of permanently caused by disease or 
injury. 

It is incurable when congenital. Exercising the 
eyes with colors, and the ears with their names, 
helps the color-blind to supplement their eyes, but 
does not change or increase their color-perception. 

Experiment and experience show that we are 
forced to use red and green marine signal-ligbts to 
designate a vessel's direction of motion and move- 
ments, and at least red lights on railways to desig- 
nate danger. 

Form, instead of color, cannot be used for these 
purposes. 

There are many peculiar conditions under wluch 
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railroad employtSa and mariners j 
which render colored Bignals, and 
lights, difficult to be correctly b£ 

These signals can never be coi 
color-blind. There are such ai 
ploy(!3. 

There is, therefore, great da 
blindness. 

Railway and mariQe acciden 
from it. 

There is no protection but the 
the personnel of railways and \ 
sons whose position requires pel 
tion, and who fail to possess thii 
be readily and speedily done. 

Therefore, through a law of 
orders from state railroad conunis 
rules and regulations of the raih 
themselves, each and every enj 
carefully tested for color-blindm 
competent to detect it. The test 
of application should be unifon 
should he removed from their ] 
Every person offering himself as a 
be tested for color-blindness, and 
it. Every employ^ who has had a 
or who has been injured, should 
for color-blindness before he is aL 
his duties. Periodic examinatio] 
personnel should also be required. 

Such regulations are generally 
European railroads. 

An international commission abi 
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establish rules for the control of color-blindness 
on the sea, and the carrying out the same exami- 
nations amongst pilots, masters, and crews of 
steamers and sailing-vessels, in the navies and the 
merchant marine. 
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